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ae os fame of William Harvey is of the enduring type that 

increases with the passing of years. It was my privilege 
rH .to be present in London in 1928 at the tercentennial 
C celebration of the discovery of “the movements of the 
— heart and blood.” Undoubtedly others in this audience 
were equally fortunate and departed, as did I, with an even more pro- 
found respect for the great anatomist and physiologist of the seven- 
teenth century. The objectives of the Harvey Society are not limited to 
the diffusion of scientific knowledge in selected subjects in anatomy and 
physiology but are extended to include pathology, bacteriology, phar- 
macology, and physiological and pathological chemistry—to the altera- 
tions which take place as the result of both structural abnormalities and 
disease. In this Harvey Lecture it gives me a sense of gratification to 
discuss certain abnormalities of the circulation, the normal physiology 





* From the Department of Surgery of The Johns Hopkins University and Hospital. 
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of which was first established by Harvey himself, and to outline the 
recent advances which have been made in the surgical treatment of these 
conditions. 

Congenital cardiovascular defects are not rare in infancy, and it is 
only because of the high early mortality rate that the incidence after the 
age of twelve years is low. The complex nature of the defects, which 
adds to the difficulty of diagnosis, particularly in infants, and the lack 
of successful therapeutic methods resulted for years in a general neglect 
of this field. It is only in recent years that greater interest has been 
aroused as a result of the work of Maude Abbott, Taussig, Gross, Bur- 
well and others. Their investigations have shown that it is no longer 
adequate simply to differentiate congenital from acquired heart disease. 
In a large percentage of cases one should be able to diagnose the par- 
ticular defects which are present. Advances in surgical therapy for cer- 
tain types make it all the more important that these types be recognized. 
That the advances are recent is shown by the statement in the 1937 
edition of “Heart Disease” by White’ to the effect that “there is no 
curative treatment, surgical or medical, for congenital cardiac defects.” 

Maude Abbott’ devised a clinical classification of congenital heart 
disease in which the patients are divided into three groups. The first 
group includes those without abnormal communications or shunts be- 
tween the right and left sides of the heart. Cyanosis is not a part of the 
picture. This group includes patients with simple dextrocardia, anom- 
alies of the pericardium, primary congenital hypertrophy of the heart, 
pure subaortic or aortic stenosis, pure mitral stenosis, and coarctation of 
the aorta. The second group embraces patients with arteriovenous shunt 
in whom arterial blood enters the pulmonary circulation. Cyanosis is 
usually not observed. There is, however, possible terminal or transient 
reversal of flow with cyanosis due to the entrance of venous blood into 
the systemic circulation. Patients in this second group have defects of 
the interauricular septum, defects of the interventricular septum, local- 
ized defects of the aortic septum, and patent ductus arteriosus. This is 
the potentially but rarely cyanotic group. The third group according 
to Abbott includes those patients in whom cyanosis associated with the 
entrance of venous blood in large quantities into the systemic circula- 
tion is a prominent feature. Included among the many causes are defects 
of the interventricular septum with dextroposition of the aorta, tricuspid 
stenosis, tricuspid atresia with septal defects, transposition of arterial 
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trunks with defects of the ventricular septum, persistent truncus arterio- 
sus, and the tetralogy of Fallot. 

It happens that advances in surgical therapy have been made in a 
representative of each of the three groups described by Abbott—coarc- 
tation of the aorta in the acyanotic group, patent ductus arteriosus in the 
usually acyanotic but occasionally cyanotic group, and pulmonic ste- 
nosis (usually the tetralogy of Fallot) in the cyanotic group. This 
lecture will consist in the main of a consideration of patent ductus arteri- 
osus, of coarctation of the aorta, and of the tetralogy of Fallot with 
particular emphasis on the latter condition. 


Patent Ductus ARTERIOSUS 


Although a procedure for closure of patent ductus arteriosus had 
been described by Munro* in 1907 and although the operation had been 
attempted by Strieder,* the first successful closure of an open ductus 
was performed by Gross® in 1938. According to Abbott, patent ductus 
arteriosus occurs together with other congenital heart lesions twice as 


often as it is observed as a single abnormality. The impression that there 
is usually an associated lesion probably accounts for the years that 
elapsed between the initial description of the operative procedure and 
the successful undertaking by Gross. As regards the incidence of asso- 
ciated lesions it is likely that Abbott’s statistics are misleading in that the 
figures were derived from autopsy material and probably represented 
an undue number of the more complicated conditions. Studies in the 
past six years have shown that patent ductus arteriosus frequently exists 
as an isolated lesion. It is estimated by Keys and Shapiro® that there are 
approximately 20,000 persons in this country with a patent ductus. 
Great credit is due Gross and Hubbard not only for the benefit 
accorded patients with patent ductus arteriosus but for the stimulus to 
further exploration of the problems of congenital heart disease. Gross 
originally considered bacterial endarteritis a contraindication to opera- 
tion, and it is due to the work of Touroff’ that this view has been 
altered. 

The most extensive studies of the effects of patent ductus arteriosus 
on the circulation have been carried out by Eppinger, Burwell and 
Gross.* These workers demonstrated that the blood flowed from the 
aorta to the pulmonary artery and not in the reverse direction, that the 
volume of the leak in patients with large openings constituted 45 to 75 
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per cent of the blood expelled by the left ventricle, and that because 
this large volume of blood returned to the left ventricle without passing 
through the right, the output of the left ventricle was two to four times 
that of the right. Keys’ found that the leak may constitute from 20 to 
70 per cent of the left ventricular output. Even though there are reasons 
for doubting the magnitude of the recorded alterations, it appears that 
the overworking of the left ventricle probably explains the primary 
occurrence of left ventricular failure when failure occurs. 

The recorded studies on the circulation explain and support the 
clinical observation that patients with failure or diminished reserve are 
benefited by closure of an open ductus. They also indicate that closure 
of the ductus in the absence of signs of failure may protect the heart 
from an eventually disabling burden. It must be borne in mind, however, 
that many persons with a patent ductus never have any disability as a 
result of the abnormality. There is a difference of opinion whether 
operation is indicated for patients without symptoms. Advances in the 
chemotherapy of bacterial endarteritis make less urgent the necessity for 
ligating the ductus from a prophylactic viewpoint. It does appear, how- 
ever, that closure of the ductus is indicated for a patient with an estab- 
lished infection whether it does or does not show a favorable response 
to the use of chemotherapeutic agents. 

I shall speak briefly regarding methods for effecting permanent 
closure of patent ductus arteriosus. The first method used by Gross was 
that of simple ligation of the ductus. It is known that the lumen of a 
large artery which is closed by ligation in continuity may become patent 
again as the ligature cuts through the wall. It is not surprising that Gross 
abandoned this method after re-establishment of the fistula occurred in 
several of his first fourteen patients. The second method employed con- 
sisted of the use of cellophane in addition to the ligature. Despite the 
fact that cellophane produces scarring, the ductus reopened in several 
of the patients. The third method used by Gross'® consisted of complete 
division of the ductus and closure of the two ends. During the past three 
years my associates and I have operated upon nineteen patients with 
patent ductus arteriosus, most of whom were referred by Dr. Helen 
Taussig. Various methods, including division and closure of the ductus, 
have been used. There has been only one patient in whom there was evi- 
dence that the lumen became re-established; in this case a simple ligature 
had been used, Although no unusual difficulties have been encountered, I 
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think that division and closure of the ductus is an unnecessarily danger- 
ous operation. The method which we employ at the present time con- 
sists of (1) the careful exposure of the entire length of the ductus, (2) 
the use of a purse string suture ligature of silk at the aortic and pulmonic 
ends of the ductus, (3) the use of two through and through mattress 
sutures of silk between the purse string ligatures, and (4) the placing of 
a ligature of umbilical tape over the mattress sutures. There has been no 
evidence of reopening of the ductus in the seven cases in which this 
method has been used. 

As I have stated previously, successful surgical treatment of patent 
ductus arteriosus has led to an increased interest in all types of con- 
genital heart disease. My interest, however, in the next disorder to be 
discussed, namely coarctation of the aorta, was aroused as a result of 
experiments on another subject and a chance conversation with Dr. E. 
A. Park. In an attempt to produce pulmonary arteriosclerosis, Levy and 
I in 1938 performed operations on dogs in which the proximal end of 
the severed left subclavian artery was anastomosed to the distal divided 
end of the left pulmonary artery. In other words, the systemic and 
pulmonary circulations were connected by a suture anastomosis. Some 
of these animals were followed for as long as six years after operation. 
Much to our disappointment, arteriosclerosis did not develop. The blood 
pressure in the pulmonary artery only a short distance beyond the point 
of anastomosis was less than half that in the systemic arteries. Except 
in instances in which partial thrombosis occurred at the anastomotic site, 
microscopic examination showed no noteworthy alterations in either 
the left pulmonary artery or the lung. During a discussion of these 
results with Dr. Park, he suggested that the principle of altering the 
course and function of a vessel might be used in the treatment of coarc- 
tation of the aorta. 


COARCTATION OF THE AORTA 


Coarctation of the aorta is a narrowing of the lumen of the vessel 
of varying degrees in the vicinity of the insertion of the ductus arteri- 
osus. It was found in 142 of Abbott’s series of 1,000 cases of congenital 
cardiovascular defects. It was the primary lesion in 79 of these and was 
associated with other abnormalities in 63 cases. The commonest form 
of aortic coarctation is the so-called adult type in which there is a 
localized constriction of the aorta usually at or just below the insertion 
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of the ductus arteriosus. Less frequent but more serious is the so-called 
infantile type in which there is narrowing of a greater length of the 
aorta. Patients with this type usually die in early infancy. 

The symptoms associated with coarctation of the adult type vary 
according to the degree of the stenosis and the extent of the collateral 
arterial pathways. There is usually no difficulty in diagnosis if one is 
acquainted with the difference between the arterial blood pressure in 
the arms and in the legs, the palpable pulsations in dilated collateral 
arteries, the notching of the ribs, and the systolic murmur transmitted 
down the upper spine. A considerable degree of coarctation usually 
results in cerebral hemorrhage, thrombosis, heart failure, rupture of the 
aorta, or bacterial endarteritis. It was because of the incapacity and the 
high mortality associated with stenosis of marked degree that the follow- 
ing experiments were performed. 

The experimental problem which was undertaken was that of sever- 
ing the aorta at the level of the obliterated ductus arteriosus, closing the 
two ends, and performing an anastomosis between the divided proximal 
end of the left subclavian artery and the side of the aorta distal to the 
point at which it had been divided. It is known that dogs will not 
survive total occlusion of the thoracic aorta in one stage if one relics 
only upon the usual collateral channels. The mortality rate under such 
conditions is 100 per cent. Hence, if survival should occur in our 
animals, it would mean that an appreciable quantity of blood was being 
conducted below the point of occlusion as a result of altering the 
course of the subclavian artery. 

A total of forty-three experiments were performed on dogs. Only 
ten of the animals survived the operation for several months or longer. 
There were six deaths in the first 24 postoperative hours. Fifteen of the 
animals lived for periods ranging from five to 25 days. The predominat- 
ing postoperative complication was paralysis of the posterior part of the 
body. Limiting our consideration to the ten animals which survived the 
procedure for long periods, we note that six of these showed no paral- 
ysis at any time. Two of the animals had a slight weakness of the 
posterior extremities which disappeared in a few days. The pressure in 
the carotid and femoral arteries was determined from time to time. In 
each instance the arterial pressure in the carotid was higher than that in 
the femoral but in no case was this difference very great. It appears, 
therefore, that the flow of blood through the transposed subclavian 
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artery and the dilated collateral vessels was sufficient to prevent death in 
some instances of total aortic occlusion. Furthermore, it was found that 
hypotension of the posterior part of the body did not occur in the 
animals which survived. Further evidence that the transposed subclavian 
artery was an important pathway for conducting blood to the posterior 
part of the body was supplied by the one experiment in which the sub- 
clavian artery was divided nine months after the original operation. 
Paralysis of the posterior extremities developed and the animal died 24 
hours after operation. 

The mortality rate in these experiments and the high incidence of 
paralysis of the posterior extremities made us hesitate to recommend the 
use of this procedure in man. In discussing the results Dr. Park and I 
stated: “...it would appear that the patient with a chronic partial 
occlusion of the aorta would tolerate a temporary complete occlusion 
better than the normal dog in which there has been no stimulus to the 
formation of collateral arterial pathways. In any case this procedure, or 
a modification of it, should be considered only in those cases of coarcta- 
tion in which the outlook is very grave since many patients with coarc- 
tation of the aorta have a fairly long life expectancy.” After the com- 
pletion of this work several patients with coarctation of the aorta were 
studied, but the condition did not seem sufficiently grave to warrant the 
risk associated with operation. This circumstance was probably for- 
tunate for it appears now that the procedure performed by Crafoord™* 
in Sweden (October 19, 1944) and by Gross" in Boston (June 28, 
1945) is a better one than that devised by Dr. Park and me. In this 
recent operation the stenotic area is excised and an end to end anasto- 
mosis of the two ends of the aorta is performed. Since the lumen of the 
aorta is considerably larger than that of the subclavian artery, the proce- 
dure employed by Crafoord and by Gross seems to be a better one than 
that which Dr. Park and I described. However, it may be necessary to 
use our method or a modification of it if the stenotic area is so long, as 
in the infantile type of coarctation, that the two ends of the aorta can- 
not be brought together if excision is performed. It is of interest that 
the method of Crafoord and of Gross when used on normal dogs fre- 
quently results in paralysis of the posterior extremities. This observation 
indicates again that the patient with coarctation is aided in withstanding 
temporary total occlusion of the aorta by the previous stimulus to the 
development of collateral pathways. 
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PULMONARY STENOSIS AND PULMONARY ATRESIA 


It was during a discussion of the experimental studies on coarctation 
of the aorta with Dr. Helen Taussig that she expressed the opinion that 
patients with pulmonic stenosis or atresia would be benefited if a means 
could be devised whereby a greater volume of blood would reach the 
lungs. Thus we come to a consideration of the third and last group in 
Abbott’s classification, the most prominent feature of which is cyanosis. 
This third group is a heterogenous one embracing various types of 
abnormalities. The most frequently encountered type is the tetralogy 
of Fallot, which is characterized by pulmonic stenosis or atresia, inter- 
ventricular septal defect, dextroposition of the aorta, and right ventric- 
ular hypertrophy. 

I have stated previously that cyanosis is usually present in patients 
with this and similar abnormalities. It is due to the presence of reduced 
hemoglobin in the circulating blood and is the visible manifestation of 
the underlying anoxemia and compensatory polycythemia. Lundsgaard 
and Van Slyke” stated that there are four important factors in the pro- 
duction of cyanosis, namely, (1) the total hemoglobin content, (2) the 
degree of oxygen unsaturation of the arterial blood coming from the 
aerated lung areas, (3) the proportion of blood passing from right heart 
to left through unaerated channels, and (4) the oxygen consumption 
in the capillaries. It has been found that the cyanosis of most patients, 
including many of those with congenital cardiovascular defects, can be 
definitely lessened by the prolonged inhalation of high concentrations 
of oxygen. The assumption that all of the blood which passed through 
the lungs was not fully oxygenated led some observers to believe that 
further increase in the circulation of blood to the lungs would result 
in no benefit. On the contrary, there are a number of reasons, which 
will not be repeated here, why patients with pulmonary stenosis or 
atresia might be benefited if the pulmonary blood flow was increased. 
Perhaps the most important evidence is supplied by the observation that 
the condition of children with pulmonary stenosis or atresia and with 
patent ductus arteriosus becomes worse if the ductus closes, thereby 
reducing further the flow of blood to the lungs. It is generally recog- 
nized by cardiologists that one of the dangers connected with the 
operative closure of a patent ductus lies in the possibility of an asso- 
ciated pulmonary stenosis, and it is for this reason that the effect of 
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temporary occlusion is tested before the closure is made permanent. 

Following the original suggestion of Dr. Taussig some two. years 
ago that a means be found for increasing the flow of blood to the lungs, 
I undertook studies on experimental animals. It was evident that there 
were two major problems, namely, (1) the devising of a technique by 
which the blood flow to the lungs could be increased, and (2) the test- 
ing of the method in animals with a high degree of unsaturation of the 
arterial blood. 

Technical methods by which the blood flow to the lungs might be 
increased will be considered first. There have been reported in the litera- 
ture only 12 cases of chronic valvular disease in man in which attempts 
have been made by operative means to lessen the degree of stenosis. One 
of the patients had pulmonic stenosis, one had aortic stenosis, and the 
remaining ten had mitral stenosis. The methods which were used con- 
sisted of (1) incision of the stenotic area with a small tenotome knife, 
(2) dilation of the stenotic area with a finger, and (3) excision of a 
segment of the valve with a cardiovalvulotome. Seven of the ten opera- 
tions for mitral stenosis were reported by Cutler and Beck.'* In the first 
of these patients the stenotic area was incised with a tenotome knife. 
This patient survived for four and a half years and was believed to have 
been somewhat improved by the operative procedure. The other six 
patients reported by Cutler and his associates died shortly after opera- 
tion. The same was true of the patients with mitral stenosis operated 
upon by Allen and Graham" and by Pribram.'* Souttar'’ reported the 
survival of a patient in whom he dilated the mitral valve with his finger. 
The patient of Tuffier®’ in whom dilation with the finger was used in 
the treatment of aortic stenosis was said to be improved. Doyen” in 1913 
reported his experience in the treatment of a patient 20 years of age 
with congenital pulmonic stenosis. A small tenotome knife was intro- 
duced into the right ventricle and an attempt was made to divide what 
was thought to be a stenotic valve. The patient died several hours later, 
and examination showed narrowing of the conus rather than stenosis of 
the valve. Thus it is to be noted that only three of the twelve patients 
survived the operative procedure, two having had finger dilation of 
the mitral or the aortic valve respectively, and one having been treated 
by incision of a stenotic mitral valve. 

It appears to be unlikely that an operation on the stenotic area itself 
would be successful in the treatment of congenital pulmonic stenosis. 








66 THE BULLETIN 











The defect is usually in the conus rather than in the valve. Even if one 
were able to increase the size of the opening by some safe means as yet 
undiscovered, the chances are that the stenosis would return gradually 
to the original condition. It was an appreciation of this fact and the 
previous experience in the anastomosis of the systemic and pulmonic 
vessels which led to the creation of an artificial ductus arteriosus in the 
experimental attempt to supply a greater volume of blood to the lungs. 
The question arose as to the type of anastomosis which should be 
performed. A suture anastomosis between the aorta and the main pul- 
monary artery was excluded as a possibility because it would be neces- 
sary to interrupt the circulation for a longer time than is compatible 
with life. The branches of the aorta which are in such position that they 
might be anastomosed to one of the pulmonary arteries are the sub- 
clavian arteries, the carotid arteries, and the innominate artery. Either 
the right or the left pulmonary artery might be used. A further question 
was whether the end of the systemic artery and the side of one of the 
pulmonary arteries should be anastomosed or whether the end of the 
systemic artery should be joined to the divided distal end of one of the 
pulmonary arteries. The former method appeared to be the one of 
choice since it would allow the blood to flow to both lungs. It is, of 
course, the type of union which is present in patent ductus arteriosus. 
Following these studies on technical means for increasing the flow 
of blood to the lungs, attention was devoted to attempts to produce in 
experimental animals the type of general disturbance which is present 
in the patient with pulmonic stenosis. Means are not available for repro- 
ducing in its entirety the tetralogy of Fallot. After unsuccessful attempts 
to cause cyanosis and anoxemia by several different methods, a high 
degree of oxygen unsaturation was produced by the removal of lobes 
of one or both lungs and the creation of pulmonary arteriovenous 
fistulas by the anastomosis of the proximal ends of the pulmonary artery 
and vein of the resected lobe or lobes. This operation caused some of 
the venous blood to return to the left side of the heart without pass ng 
through the pulmonary capillaries and resulted in varying degrees of 
oxygen unsaturation of arterial blood. The creation of an artificial 
ductus arteriosus under these conditions by the anastomosis of the prox- 
imal end of the subclavian or innominate artery to the side of one of the 
pulmonary arteries usually resulted in an increase in the oxygen satura- 
tion of the arterial blood. The presence of the artificial ductus allowed 
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some of the arterigl blood which was only partially saturated with 
oxygen to pass through the lungs instead of continuing through the 
systemic circulation. While it was realized that the experimentally pro- 
duced condition was a poor reproduction of that seen in the patient 
with pulmonic stenosis, the experiments at least supported the hypo- 
thesis that improvement would result if an artificial ductus was created. 

Even after Dr. Taussig and I decided to attempt the operation on 
patients, there were three unknown elements which caused hesitation 
for some time before the initial operation was undertaken. The most 
troublesome questions were: Would an intensely cyanotic child tolerate 
a long operative procedure in which general anesthesia and the opening 
of one of the pleural cavities were necessary? Granting that the answer 
to the first question was in the affirmative, would the patient tolerate 
temporary occlusion of either the right or the left pulmonary artery for 
the time that would be required for making an anastomosis by suture? 
Would ligation and division of the subclavian artery result in serious 
impairment of the circulation to the arm? It was apparent that the 
answers could be supplied only by making the clinical tests. The situa- 
tion was discussed frankly with the parents of the children who were 
chosen for operation. A number of distressing complications have been 
encountered, but experience has shown that the original fears were 
largely without foundation. By this is meant that thus far all of the 
children upon whom an operation has been performed have withstood 
anesthetization, the opening of the pleural cavity, and the temporary 
occlusion of one of the pulmonary arteries, and have not died during 
the operative procedure itself. Some subsequent events not so encourag- 
ing will be commented upon later. Furthermore, there has been no 
instance in which the subclavian artery has been used when there has 
been the slightest anxiety about the competency of the collateral circula- 
tion to the arm. Unfortunately the same statement cannot be made in 
regard to the cerebral circulation in all of the patients in whom the 
innominate artery has been divided and used for the anastomosis. This 
subject will be considered later in greater detail. 

The selection of patients who are suitable candidates for the opera- 
tion has been performed by Dr. Taussig and her associates. I should like 
here to acknowledge the important part which Dr. Taussig has had in 
all of this work. She is Director of the Cardiac Clinic in The Harriett 
Lane Home for Children in The Johns Hopkins Hospital and is an out- 
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standing authority on congenital heart disease. Many points, particularly 
those dealing with diagnosis, which are mentioned only briefly in this 
lecture, will be considered in detail by Dr. Taussig in her forthcoming 
book. The two outstanding diagnostic features, both of which should 
be present if the operation is to be performed, are (1) roentgenographic 
evidence that the pulmonary artery is small in size, and (2) clinical and 
roentgenographic evidence of absence of congestion in the lung fields. 
The important finding in the roentgenogram is the absence of fullness of 
the normal pulmonary conus. The shadow at the base of the heart to 
the left of the sternum is concave and not convex; the pulmonary 
window appears abnormally clear in the left anterior oblique position. 
The studies on patients have included determinations of the oxygen 
content and capacity and percentage saturation of the arterial blood, the 
red blood cell count, the hemoglobin content, and the hematocrit 
reading. Patients with inadequate blood flow to the lungs do not neces- 
sarily have polycythemia but this was usually observed. The oxygen 
content of the arterial blood of most of the patients was lower than 
normal, the oxygen capacity was increased, and hence the arterial 
saturation was greatly reduced. Although some of the patients were 
coéperative and quiet at the time of the arterial puncture, most of them 
were crying and some were struggling. Some of the values for oxygen 
content would undoubtedly have been higher had the children been 
under basal conditions. If the arterial saturation was high in a patient 
with a history of poor tolerance of exertion, the effect of exercise on the 
saturation was determined in an effort to assess the need for operation. 


The findings in one such patient were as follows. 

This patient was an intelligent and coéperative boy eight years of age. The control 
figures showed a red blood cell count of 4.7 million, a hematocrit reading of 40.5, an 
oxygen content of arterial blood of 18.1 volumes per cent, a capacity of 20.5 volumes 
per cent, and saturation of 88.2 per cent. Because of the history of intolerance of 
exercise it was decided to repeat the studies after the patient had climbed a few steps. 
After walking up only six steps, the patient refused to do more and tried to assume 
the usual squatting position. A sample of arterial blood taken at this time showed an 
oxygen content of 7.9 volumes per cent and an oxygen saturation of only 36.8 per cent. 
Operation was decided upon and performed, the innominate artery being anastomosed 
to the pulmonary artery. Slightly less than three weeks after operation the studies were 
repeated. The arterial saturation had risen only slightly; that is, from 88.2 per cent pre- 
operatively to 89.7 per cent postoperatively. On the other hand, approximately twice as 
much exercise as the patient took before operation caused no apparent dyspnea or 
cyanosis and practically no change in the oxygen saturation, the postoperative figure 
being 88.2 per cent saturation, whereas the preoperative one was 36.8 per cent. This 
patient returned for observational purposes on November 2, 1945, three months after 
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the operation. The resting oxygen saturation of arterial blood at this time was 89.2 per 
cent. The patient then climbed 40 steps without evidence of shortness of breath or cya- 
nosis. A sample of arterial blood taken immediately after the exercise showed an oxygen 
saturation of 88.6 per cent. 


The effect of exercise on the oxygen saturation varies greatly from 
patient to patient. It is particularly important to study the effect of 
exercise in patients who are quiet at the time of the control determina- 
tions and who have a relatively high resting saturation because the 
figures may influence not only the decision as to the necessity for 
operation but also may be the deciding factor in the choice of the artery 
which is used for the anastomosis. 

Another factor which enters into the decision as to operation is the 
age of the patient. It is more difficult to be certain of the correct 
diagnosis in infants, and furthermore it is believed that they withstand 
the operative procedure less well than do children of the group from 
two to ten years of age. The youngest patient upon whom the operation 
has been performed was eight months and the oldest 21 years of age. 
Both of these patients survived the operation and are improved. At the 
present time it appears that children under 18 months of age should not 


be operated upon unless it is thought that the chances of survival to an 
older age are poor. A possible operative procedure that may be per- 
fected for use in small infants will be mentioned later. 


If the studies show that an operation is indicated, the patient is given 
penicillin for one or more days preoperatively. Neither dicumarol nor 
heparin is given before operation. Cyclopropane with a high concentra- 
tion of oxygen was used as the anesthetic agent in most cases. In a few 
of the operations ether with a high concentration of oxygen was used 
and in others a combination of cyclopropane and ether.* After the 
patient was anesthetized and before the operation was begun, usually a 
sample of arterial blood was withdrawn. A comparison of the results 
of the analyses with the control preoperative figures shows that there 
was an elevation in the oxygen saturation of the arterial blood in all 
except a few of the patients. This rise ranged from a minimal one to an 
increase of five times the saturation in the control period. Since many 
of the children were crying and struggling at the time of the control 
studies, it is not known whether the elevation in oxygen saturation 
during anesthesia was due to the fact that the patients were anesthetized 


* The anesthetic agent was chosen and administered by Dr. Lamont or Dr. Harmel of the Anesthesia 
Department. It is a proof of their skill that there have been no deaths during the operations on 
the 55 patients. 
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and hence quiet or to the inhalation of a high concentration of oxygen. 
It is probably a combination of the two factors. Most of the patients 
who were quiet at the time of the control studies did show an elevation 
of oxygen saturation when given the anesthetic agent and oxygen. 

The major details of the operative procedure are contained in the 
previous report by Blalock and Taussig.** Adequate exposure is afforded 
by an anterior incision through the third interspace. There has been 
some alteration in our conception of the side of the chest on which the 
operation should be performed. Providing the position of the aorta is 
normal, it was our earlier idea that the approach should be made on 
the left if one wishes to use an artery the size of the subclavian artery 
and that the incision should be on the right if the use of a larger vessel 
such as the innominate artery is indicated. No doubt you will recall that 
normally the innominate artery is the first major vessel arising from the 
arch of the aorta and that it divides into the right common carotid and 
the right subclavian arteries. The left common carotid artery and the 
left subclavian artery normally arise separately from the aorta. When 
the right subclavian artery is used for the anastomosis, experience has 
shown that the angle of the transposed vessel at its point of origin is less 
acute than that seen when the left subclavian artery is employed. In 
other words, the lumen of the vessel appears to be less constricted by 
the transposed position when the right subclavian is used. For this 
reason it is advisable usually to make the approach on the right side. This 
generally allows one to choose either the innominate artery or the right 
subclavian artery. The preoperative studies will have given a good 
indication as to the size of the artery that is required. Sometimes, how- 
ever, the size of the subclavian artery may be smaller or larger than was 
anticipated and the choice of artery may have to be altered. Further- 
more, the innominate artery or the subclavian artery may be shorter 
than usual and it may be necessary to use the longer vessel regardless 
of the preoperative choice. The fact remains that the incision on the 
right side usually allows one to choose either the subclavian or the 
innominate artery according to the incapacity and the degree of arterial 
oxygen unsaturation of the patient. It is obvious that the greater the 
incapacity, the larger the vessel which is needed since the object of the 
procedure is to shunt blood to the lungs. In infants and small children 
in whom an operation is urgently needed it is generally advisable to use 
the innominate artery. 
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There is another point about the choice of artery which should be 
mentioned. The occurrence of a right rather than the normal left aortic 
arch is not rare in patients with congenital cardiovascular malformations 
which cause cyanosis. Bedford and Parkinson** have demonstrated that 
the determination of the course of the aorta is not difficult if its relation- 
ship to the esophagus is delineated under the fluoroscope as a barium 
mixture is swallowed. The importance of this observation rests on the 
fact that when the aorta descends on the right, the innominate artery 
is directed to the left and has to be approached through the left side of 
the chest. There have been 16 such patients in this series and in all the 
condition has been diagnosed correctly by Dr. Taussig before operation. 

There are many other types of variations in the arteries which 
arise from the arch of the aorta. For example, both carotids and both 
subclavians may arise as four separate vessels, no innominate artery being 
present. In another variation the innominate artery gives rise to both 
common carotid arteries as well as to the right subclavian artery. Despite 
the many variations, it has been possible in every case thus far to find 
a systemic artery which was suitable for anastomosis to'a pulmonary 
artery. There have been two patients, however, in whom a satisfactory 
anastomosis was not performed because of a variation in the right pul- 
monary artery. In the first of these the right pulmonary artery divided 
shortly after its origin and the small branch to the right upper lobe was 
mistaken for the main artery. This branch was too small for a satis- 
factory anastomosis. The proximal end of the subclavian artery was 
anastomosed to the distal end of the branch to the upper lobe, but the 
size of the subclavian was several times that of the pulmonary vessel. 
This patient died, and examination of the specimen indicated that the 
usual end to side anastomosis could not have been performed. Probably 
the procedure should have consisted of division of the main right pul- 
monary artery and the anastomosis of its distal end to the end of the 
innominate artery. In the second patient the right pulmonary artery 
was not found at the time of operation and it was only after considerable 
difficulty that it was located at autopsy. The artery was small and was 
lying inferior and posterior to the superior pulmonary vein. 

_ The pressure in the right or left pulmonary artery was determined 
at the time of operation in a number of patients by puncturing the 
artery with a needle which was connected with a water manometer. 
The pressure in most of the patients was approximately 175 mm. of 
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water. That this procedure should probably be a routine one is sug- 


gested by the following experience. 

In one of the patients the pressure was 310 mm. of water. In this patient the heart 
was rotated towards the right, the azygos vein was several times the normal size, and 
the pulsations of the pulmonary artery were much more vigorous than normal]. Despite 
the unusually high pressure in the pulmonary artery, the end of the innominate artery 
was anastomosed to the side of the right pulmonary artery. Following operation the 
cyanosis did not disappear, the liver became enlarged, fluid accumulated in the pleural 
and peritoneal cavities, and death occurred on the 24th postoperative day. At autopsy 
a single ventricle was found from which arose both the aorta and the pulmonary artery, 
and there was little if any pulmonary stenosis. The preoperative oxygen saturation of 
59 per cent and the red cell count of 10 million were apparently due to the complete 
absence of a ventricular septum. It is obvious that the anastomosis should not have been 
performed, and the high pressure in the pulmonary artery should probably have fur- 
nished the clue as to the true nature of the condition. 


I shall continue with a description of the operative procedure. After 
the systemic vessel has been chosen and prepared and the pulmonary 
artery has been freed from the surrounding structures, usually the end to 
side anastomosis is performed. The right or left pulmonary artery is 
occluded proximally with a mechanical device. Distal occlusion of the 
vessel is produced by making slight traction on braided silk which is 
placed around the individual branches of the pulmonary artery. This 
plan as contrasted with the use of a bull dog clamp leaves a greater 
length of the artery free for the anastomosis. A transverse opening is 
then made in the pulmonary artery midway between the proximal and 
distal points of occlusion. By the use of oooo0 Deknatel sutures on 
curved atraumatic needles an anastomosis is performed between the end 
of the systemic artery and the side of the pulmonary artery. The con- 
tinuous everting (out, in and over) suture is interrupted at least four 
times in order not to constrict the lumen too greatly. The procedure is 
not particularly difficult if the arteries are of normal length and if the 
respiratory movements are not vigorous. The operation has been de- 
scribed in greater detail in a previous publication.” 

The cyanosis usually increases during the period while one of the 
pulmonary arteries is being occluded. Following the completion of the 
anastomosis and the removal of the constricting devices, the color of the 
patient improves immediately. Usually a distinct thrill can be felt in the 
pulmonary artery and even in the lung tissue itself. The thrill may be 
minimal or absent in infants. 

Before I leave the subject of technical procedures there are several 
additional points which might be mentioned. As indicated previously, it 
is our impression that the union of the end of the systemic artery to the 
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side of one of the pulmonary arteries is the procedure of choice since 
this type of anastomosis allows the blood to pass to both lungs. There 
are certain circumstances, however, in which it may be advisable to 
divide one of the pulmonary arteries and to anastomose the end of this 
vessel to the end of the systemic artery. This means, of course, that all 
of the shunted blood passes to one lung and that the blood which passes 
through the stenosed pulmonary artery goes to the opposite lung. This 
type of anastomosis can be performed more quickly and easily and with 
less traction on the mediastinal structures than the one usually employed. 
It is possible that this method should be used more often, particularly 
in children. It was used in the following case as well as in three ad- 
ditional ones. The four patients survived the operation and are im- 


proved. 

A child of slightly less than two years of age had an oxygen content of arterial 
blood of 3.5 volumes per cent, a capacity of 15.0 volumes per cent, an arterial saturation 
of 23.3 per cent, and a normal red blood cell count and hematocrit reading. The condi- 
tion was considered critical and operation was advised. After anesthesia was induced by 
the use of cyclopropane, the arterial blood pressure fell to 50/30 mm. Hg. An incision 
was made on the right side of the chest and the azygos vein was doubly ligated and 
divided. At this time the pulsations of the heart were very weak and barely visible. 
One half cubic centimeter of coramine was injected into the superior vena cava, and 
the pulsations of the heart became strong again. The right pulmonary artery was being 
freed of the surrounding tissues when it was noted again that the action of the heart was 
poor. Coramine was injected, the pulsations of the heart improved, and it was decided 
that the operation should be terminated. The child’s condition was unchanged after this 
exploration and a second operation was performed 12 days later. The previous incision 
was reopened. The innominate artery was shorter than usual, the subclavian artery was 
larger than usual, and it was decided to use this latter vessel for the anastomosis. 
When traction was made on the right pulmonary artery, the pulsations of the heart 
practically ceased. Coramine was injected and the condition improved. In order to avoid 
unnecessary traction and in order to reduce the operating time, the right pulmonary 
artery was ligated and divided and its distal end was anastomosed to the end of the 
subclavian artery. The action of the heart became very weak on two occasions while this 
was being done, but it responded favorably when coramine was injected. It is doubtful 
whether the procedure could have been completed successfully if an end to side anasto- 
mosis had been performed. The child showed a dramatic improvement. Twelve days 
following the second operation the arterial oxygen content was 10.1 volumes per cent, 
the arterial capacity was 16.3 volumes per cent, and the arterial saturation was 62 
per cent as compared with the preoperative figure of 23 per cent. 


Another point in operative technique which deserves brief mention 
is the possibility of connecting the lumen of the aorta with that of the 
main pulmonary artery without the use of sutures. The first portions 
of the medial walls of the aorta and the pulmonary artery are intimately 
adherent to each other largely because they are enclosed in a tube of 
serous pericardium common to the two arteries. In the dog it is possible 
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to connect the two vessels by a stab incision. There are, however, 
several points in technique which have not been mastered. There is 
danger of piercing the opposite wall of the aorta, there is no accurate 
gauge as to the size of the opening, and the fistula, even though mod- 
erate in size, may close spontaneously. This problem is still in the ex- 
perimental stage. It is to be hoped that some such method can be 
perfected because it may be necessary to use the major blood vessels 
and to work with considerable speed if newborn infants with pul- 
monary stenosis or atresia are to be operated upon successfully. 

Treatment both during and after the operation will be considered 
briefly. As a routine procedure a needle is placed in a vein of the 
ankle before the operation is begun and a very slow infusion of normal 
saline solution is given. If an abnormally large quantity of blood is 
lost, plasma is administered. If the patient has pronounced polycy- 
themia and if the loss of blood during the operation is minimal, whole 
blood equal to approximately one per cent of the body weight is 
removed at the conclusion of the operation. As soon as the patient is 
returned to his room he is placed in an oxygen tent. The administration 
of penicillin which had been begun preoperatively is continued for 
about two weeks. It is of interest that none of the patients had a post- 
operative infection. Until recently the administration of dicumarol was 
begun 24 hours after operation in most cases and was continued for 
about two weeks. Its use was discontinued when a patient died because 
of intrapulmonary bleeding. Heparin is not given unless evidence of 
cerebral thrombosis appears. 

The postoperative course of the patients was variable. Those pa- 
tients who were benefited by the operation showed an early improve- 
ment. As soon as the operation was completed, the mucous membranes 
showed much less cyanosis. It required, however, a longer time for the 
disappearance of cyanosis of the fingers and toes. The fact that the 
color of the mucous membranes changes almost immediately follow- 
ing the operation is further evidence of the importance of the volume 
of the pulmonary blood flow in these patients in the production of 
cyanosis. In this early postoperative period there has been little altera- 
tion in the red blood cell count, the hemoglobin content, and the 
hematocrit reading even though moderate blood loss has occurred. 
The one important factor which has been altered is the volume of 
blood which reaches the lungs for aeration. 
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I stated previously that there has been no concern about the cir- 
culation of the arm, the subclavian artery of which was divided and 
used for the anastomosis. Sympathetic nerve block was not used in any 
of these cases. The arm of the operated side was slightly cooler than 
the opposite one for varying periods of time. Motion and sensation 
were little if at all affected. The radial pulse has reappeared in some of 
the patients. Either the right or the left subclavian artery was divided 
and used for the anastomosis in 26 cases. In 23 additional cases the 
innominate artery was used and it is apparent that it was necessary 
to ligate the first portion of the subclavian artery in each of these. 
Thus, the first portion of either the right or the left subclavian artery 
was ligated in 49 cases; there was no evidence in any case of dan- 
gerous interference with the circulation of the arm. These 49 cases 
include a duplication in one patient in whom the left subclavian artery 
was used at the first operation and the innominate artery at the 
second. 

There follows a brief account of the experiences of other surgeons 
with ligation of the first portion of one or the other of the subclavian 
arteries. Halsted in 1921 found that the first portion of the left sub- 
clavian artery had been ligated in 21 cases. A recent search of the 
literature provided the records of 13 additional cases in which the 
first portion of the left subclavian artery was ligated. Of the total of 
34 cases, 14 were performed in the treatment of aneurysms, 19 for 
trauma, and one for a tumor. There were nine deaths in this series. 
There have been found in the literature references to 57 cases in 
which the first portion of the right subclavian artery was ligated. 
The operation was performed because of an aneurysm in 36 cases 
and because of trauma in 21 cases. There were 24 deaths in this 
series. It was not necessary to perform an amputation of the arm in 
any of the patients who survived ligation of the right or left subclavian 
artery. 

I have stated previously that the innominate artery was used for the 
anastomosis in 23 of our patients. This fact implies, of course, that one 
of the common carotid arteries and a subclavian artery were ligated in 
each of these patients. There were seven deaths in this series. In two 
of the seven cases the preoperative diagnosis was in error. In two of the 
remaining five cases death was attributed to cerebral ischemia or throm- 
bosis. Unfortunately an autopsy was not obtained in these two cases. 
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In several additional patients transient weakness of part or all of the 
opposite side of the body occurred after operation. 

A review of the literature from the time of Valentine Mott’s opera- 
tion in 1818 to the present lists 86 cases in which the innominate artery 
has been ligated. There were 48 postoperative deaths, a mortality rate 
of 55.8 per cent. There were six cases of complete hemiplegia with four 
deaths and five cases of partial hemiplegia with two deaths. Eighty of 
the 86 ligations of the innominate artery have been performed in the 
treatment of aneurysms. There were 43 postoperative deaths, a mor- 
tality of 53.7 per cent. The remaining six ligations were performed in 
the treatment of trauma. There were five deaths, a mortality rate of 
83 per cent. Prior to the initiation of the present work the innominate 
artery had not been ligated for conditions other than aneurysm and 
trauma. 

In five of our cases in addition to the twenty-three in which the 
innominate artery was used for the anastomosis, the common carotid 
artery was ligated and divided and connected to one of the pulmonary 
arteries. This artery was used because of an abnormality in the position 
of the vessels which arose from the aortic arch. There was no sus- 
tained evidence of disturbance of the cerebral circulation in these five 
patients. 

Before summarizing the results of the operations performed thus 
far, I shall relate some of the details of two cases. In the 2nd case of the 
series the oxygen saturation of arterial blood rose from 36 per cent 
before operation to 83 per cent three weeks later. Five months after 
operation the saturation was 87 per cent. The red blood cell count 
dropped from 7.7 to 5 million. The hemoglobin declined from 24 to 
17.5 grams, and subsequently to 15.5 grams. In the third case of our 
series the oxygen saturation rose in nine days from 35.5 to 80 per cent 
and subsequently to 83.7 per cent. In three and a half months the red 
blood cell count declined from 10.1 to 5.6 million, the hemoglobin fell 
from 26 to 13.8 grams and the hematocrit reading changed from 81 
to 38. Both of these children were incapacitated before the operation. 
Now they are able to walk and play and go to school. These two 
cases are mentioned because the follow-up period has been longer than 
in others who show equally striking improvement. 

I shall attempt now to give the results thus far in The Johns Hopkins 
Hospital of the creation of an artificial ductus in the treatment of 
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pulmonary stenosis. Up to November 1, 1945 there were 57 operations 
on 55 patients. All of the operations except one were performed in the 
nine months’ period from February third to November first. An anas- 
tomosis between a systemic artery and one of the two pulmonary 
arteries was not performed in three cases. In two of these there was 
an anatomical abnormality of the pulmonary artery and in the third 
there was thought to be an error in diagnosis. The first two patients 
have died since the operation. The condition of the third patient is 
unchanged. In the remaining fifty-two patients, forty are improved, 
two have shown little change, and ten have died. 

The deaths will be considered first. The preoperative diagnosis of 
the tetralogy of Fallot was proved by autopsy to be in error in two 
of the ten cases. One of these patients had a transposition of the great 
vessels and the other had a single ventricle without pulmonary stenosis. 
Theoretically these patients would not have been helped by operation 
even if they had survived. An autopsy was performed on six of the 
remaining eight patients and the preoperative diagnosis of the tetralogy 
of Fallot was confirmed. One could not be certain of the cause of death 
in most of these patients. Except for the cardiovascular defects the 
pathological alterations were minimal. None of the patients had an 
empyema or mediastinitis. As far as could be ascertained, bleeding from 
the arterial anastomosis did not occur in any of the patients. Two of 
the deaths were probably due to cerebral ischemia or thrombosis but a 
postmortem examination of this region was not allowed. One of the 
patients who had been doing very satisfactorily succumbed suddenly 
on the fifth postoperative day from pulmonary hemorrhage. The anas- 
tomosis was intact, and it is believed that the bleeding was due to the 
dicumarol that had been given. In one case bilateral pneumothorax 
developed following the first operation and unilateral tension pneumo- 
thorax following the second operation. A congenital abnormality of 
the lungs was suspected but an examination was not allowed. If the 
two cases are excluded in which it was shown at autopsy that the 
diagnosis was incorrect, there were eight deaths in the remaining fifty 
patients in whom the anastomosis was performed, a mortality of 16 
per cent. 

It has been stated that two of the patients who survived showed 
little if any improvement. In one of these, a boy of 15, the intima of 
the subclavian artery was injured by too vigorous application of the 
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instrument which was used in occluding it. A thrill could not be felt 
at the end of the operation and a murmur could not be heard later. A 
second operation on the right side is to be advised in the future. In 
the second patient a large right pulmonary artery was found at opera- 
tion and the pulsations were vigorous. The anastomosis was performed 
even though it was thought at the time that the diagnosis was in error. 
It has now been seven months since the operation was performed. The 
parents state that the child is moderately improved. It is our impression 
that the improvement, if any, as a result of the operation is minimal. 

The improvement in the remaining 40 patients is definite. The con- 
dition of most of the children has been altered from almost total 
invalidism to apparent if not real normality. Most of them show no 
cyanosis, even with moderate effort, and the clubbing of the fingers 
and toes has disappeared or is diminishing. Some children who had 
never walked before operation are now able to walk. The average 
oxygen saturation of arterial blood of these patients prior to operation 
was 49 per cent and the average saturation when determined two to 
three weeks after operation was 76 per cent, an average increase of 
53 per cent of the control level. It was stated previously that many 
of the children were not under basal conditions at the time of the 
arterial punctures and that otherwise probably both the preoperative 
and postoperative figures would be higher. Although the oxygen satura- 
tion of the arterial blood rises greatly, it does not reach the normal 
value of 95 to 98 per cent saturation. This finding is to be anticipated 
because in every instance of the tetralogy of Fallot there is an inter- 
ventricular septal defect and varying degrees of dextroposition of the 
aorta with overriding of the septum, and hence the aorta always re- 
ceives some poorly oxygenated blood from the right ventricle. It has 
been possible, however, in most of these patients to cause an elevation 
of the arterial oxygen saturation to the point where the stimulus for 
the development of polycythemia has largely disappeared or has been 
abolished. The decline in the oxygen capacity has been greater in 
most patients than has the elevation in the arterial oxygen content. 
The objective in the performance of the operation is the establishment 
of a channel by which an adequate quantity of blood can reach the 
lungs. This pulmonary flow should be adequate to permit growth and 
the performance of exercise, and to cause the disappearance of poly- 
cythemia and cyanosis, It should not be excessive because this will place 
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an undue strain on the heart. There has been only one patient thus 
far in whom cardiac enlargement since operation has been great enough 
to cause concern. Dr. Taussig has found that a number of the patients 
have shown a slight increase in the size of the heart in the early post- 
operative period, but this enlargement has not been progressive. Strep- 
tococcus viridans infection has not developed in any of the patients. 

It is important to emphasize the point that the operation is not of 
value to all patients with persistent cyanosis.** It is indicated only in 
malformations in which the primary difficulty is lack of adequate 
circulation to the lungs. More specifically, the types of abnormalities 
which should be benefited by the operation are the tetralogy of Fallot, 
pulmonary atresia with or without dextroposition of the aorta and with 
or without defective development of the right ventricle, truncus arterio- 
sus with bronchial arteries, and a single ventricle with a rudimentary 
outlet chamber in which the pulmonary artery is diminutive in size. 
The operation is not indicated in cases of complete transposition of the 
great vessels or in the so-called “tetralogy of Fallot of the Eisenmenger 
type” and probably not in aortic atresia. 

The purpose of this lecture has been to discuss certain congenital 
cardiovascular defects in which treatment by surgical means is proving 
effective. The incompleteness of knowledge is excusable in view of 
the only recent application of these methods. It is to be hoped that the 
advances recorded thus far will serve as an added stimulus to further 
studies on cardiorespiratory physiology, including the problem of 
chronic anoxia, and to the development of additional and improved 
methods for the treatment of cardiovascular defects. 
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iccOUNTS of injury to blood vessels in warfare have been 

recorded since the beginning of history, and the atten- 

tion of surgeons has of necessity been primarily directed 

towards their treatment because of their often fatal na- 
@ ture. The arrest of hemorrhage and the preservation of 
an adequate arterial supply to the extremities have been, in fact, the 
main concern of military surgeons since the dawn of recorded medical 
history, and numerous papers concerning vascular injuries have appeared 
in medical literature following every war. The number of such injuries 
has increased steadily, probably due to the introduction of higher veloc- 
ity projectiles of smaller caliber. In addition to the ordinary wounds 
caused by machine guns, rifle bullets and shrapnel, a great many mul- 
tiple injuries were produced by the fragmentation of land mines, gren- 
ades and aerial bombs. These latter may produce as many as two hun- 
dred small individual wounds scattered over the body without causing 
death, thus increasing the chance of trauma to blood vessels. It was, 
therefore, to be expected that the sequelae of these injuries would be 
encountered more numerously than ever before. Moreover, improved 
methods in the control of hemorrhage, shock, and infection have pre- 
served more individuals for subsequent observation and study. 

In order to bring about more highly specialized treatment of certain 
surgical conditions, The Surgeon General established centers for their 
treatment. In view of the fact that Ashford General Hospital was desig- 
nated the first center for vascular surgery, a larger proportion of this 
type of injury has been seen at that institution. 

For descriptive purposes, vascular injuries as the result of war 
wounds may be divided as follows: 
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1. Partial severance of a vessel producing a false aneurysm or ar- 
teriovenous fistula. 

2. Those in which the blood vessel is completely severed or in 
which vasospasm exists to such an extent as to so impoverish the blood 
supply that death of the part or useless fibrosis results. 

3. Activation of previously existing blood vessel disorders or tumors, 
such as congenital nevi and pre-existing vascular injuries. 

This report is concerned only with the operative treatment of trau- 
matic aneurysms and arteriovenous fistulas, approximately 450 of which 
have been rteated at the Vascular Surgery Center at Ashford General 
Hospital in the past two and one-half years. 

All of these aneurysms and fistulas, with rare andi were the 
result of battle wounds and in all a considerable time ranging--from 
weeks to months had elapsed between the time of injury and their 
reception at the hospital. It is not the purpose of this paper to discuss 
in detail the pathogenesis and diagnosis of these lesions. When an artery 
is completely divided, both ends retract and although hemorrhage may 
be severe at first it may stop spontaneously, or with the application of 
pressure. On the other hand, it may require ligation or some attempt 
at repair. However, if a vessel is only partially severed, the wound 
tends to enlarge in the long axis of the vessel due to retraction, and hem- 
orrhage is apt to be profuse. If the wound in the soft tissues overlying 
the vessel is large, hemorrhage of course will be external and will prob- 
ably require immediate control. If, however, the wound is small, the 
overlapping of the various muscle, fascial and skin planes may prevent 
the escape of blood externally. This results in the formation of a hema- 
toma which is likely to become a false aneurysm. Moreover, in instances 
with a small external wound, if the vein is injured at the same time, an 
arteriovenous fistula may result, the artery and vein communicating 
directly or through the medium of a false sac. In either case, it is well 
to remember that some blood continues to flow through the distal 
portion of the artery, thus nourishing the part beyond, and that col- 
laterals develop rapidly. Therefore, immediate operation is always con- 
traindicated unless necessitated by hemorrhage or rapid enlargement of 
an aneurysmal sac which compresses the vessels of the collateral circula- 
tion. 

Openings in blood vessels produced by small missiles may for a time 
produce no symptoms. For this reason, these lesions are frequently over- 
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looked, particularly if more striking or extensive injuries are present. 
The value of auscultation as a means of determining their presence 
cannot be too strongly stressed. In the presence of a large number of 
casualties and under battle conditions, a diagnosis, although incomplete 
or even incorrect, may be carried by a wounded soldier for some time. 
This does not imply that proper treatment has not been given, but it 
does entail on those who are working in hospitals distant from the 
battlefield the necessity of careful examination uninfluenced by any 
previous diagnosis. Moreover, it is a well known fact that a vascular 
lesion may develop slowly to the point of recognition. For example, 
an arteriovenous fistula may not show characteristic signs until edema 
and hemorrhage have subsided. It is well to remember that blood vessels 
are usually accompanied by nerves and that nerve lesions which are so 
striking in their immediate manifestations may mask or cause to be 
overlooked accompanying blood vessel trauma. Inconspicuous wounds 
may likewise involve blood vessels and aneurysms resulting from such 
wounds are frequently overlooked through failure of the examining 
surgeon to suspect their presence or because his attention has been 
drawn elsewhere to a seemingly more important lesion. Aneurysms of 
various types will be overlooked unless every wound is carefully exam- 
ined, particularly by auscultation. 

The differentiation of a false arterial aneurysm, and an arteriovenous 
fistula is extremely important, since the sequelae, the general and local 
effects, as well as the treatment of the two conditions differ greatly. The 
differential diagnosis is not always easy, but as a rule the arteriovenous 
communication is characterized by a continuous vibratory thrill and a 
loud, rough, continuous murmur with systolic intensification, whereas 
in the false aneurysm, there is a distinct pause between the systolic and 
diastolic phases and often the murmur is heard only in systole. In an 
arteriovenous communication, the murmur is usually transmitted for 
some distance on either side along the course of the vessels, whereas in 
an aneurysm confined to an artery, the murmur is rarely heard beyond 
the confines of the dilatation. In the case of a fistula, the swelling is 
usually less pronounced, although some fistulas, with a false sac, may 
give rise to a tumor of considerable size. The dilatation of cutaneous 
veins in the region of the fistula, and the slowing of the pulse on tem- 
porary occlusion of the fistula are further differentiation points. In 
large fistulas or in those persisting over a long period of time, cardiac 
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dilatation with subsequent heart failure is likely to follow. 

In the 450 instances of aneurysms and fistulas, 110 were false, trau- 
matic, arterial aneurysms and the remainder were fistulas. Since anatomi- 
cally they presented many of the same problems they will be discussed 
together. They were encountered in practically every named blood 
vessel of the body with the exception of the aorta, and many have pre- 
sented varied problems of approach and treatment. 

The arterial aneurysms have in general been treated by the Matas 
principle of intrasaccular suture or by ligation and excision. In aneu- 
rysms of large size, the Matas operation was preferred but those of 
smaller size, particularly if accompanied by nerve injury, were treated 
by excision of the vascular lesion with nerve repair or neurolysis carried 
out at the same time. 

In general, the arteriovenous fistulas have been treated by quadruple 
ligation and excision, although in twelve instances it has been possible 
to repair the fistula and preserve the continuity of the artery. The latter 
course is preferred, but it is usually impossible because of dense scar- 
ring, previous infection, and the usual presence of a false sac. 

There have been five instances of fistula between the cavernous 
sinus and internal carotid artery. Two of these were cured by ligation 
of the common carotid artery alone. In two others it was necessary to 
ligate the internal carotid artery distal to the fistula since ligation of 
the vessels outside the skull did not effect a cure. A third was cured 
only after ligation of both common, both internal, and both external 
carotid vessels. 

Cirsoid aneurysm of the scalp following trauma, usually superim- 
posed upon a pre-existing nevus, has been treated successfully in five 
patients. After preliminary ligation of the external carotid vessels, a 
flap of the scalp containing the fistula is turned back, the incision being 
carried through the galea to the pericranium. The fistula with its rami- 
fications can then be removed from the underside of the flap, particular 
care being taken not to buttonhole the skin. 

A number of aneurysms and fistulas of the carotid vessels and their 
branches has been treated either by the Matas method in the case of 
arterial aneurysms and by quadruple ligation and excision or by repair 
in the case of fistulas. 

There have been nine instances of fistula of the vertebral vessels. 
They have been by far the most difficult problem, both in diagnosis 
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and treatment. In only two was the diagnosis definitely established 
before the operation, although in others it was strongly suspected. In 
general, if the bruit could be obliterated by pressure upon the common 
carotid artery, the vertebral vessels were considered to be the probable 
seat of the lesion. The approach to these vessels is difficult, either in the 
first, second, or third portion, because of their deep position in the neck 
and their passage through the transverse processes of the cervical ver- 
tebrae. In any event, preliminary ligation of the artery close to its origin 
should be carried out. If the lesion is high, that is, near the base of the 
skull, it is best approached by detaching the sternomastoid and levator 
scapulae muscles. If lower in the neck, it is approached through the 
tissues just lateral to the carotid sheath and in any event it may be 
necessary to remove one or more of the transverse cervical processes 
in order to provide proper exposure. 

In the approach to the greater vessels at the base of the neck, the 
clavicle frequently prevents adequate exposure and control of the ves- 
sels proximal and distal to the vascular lesion. The safety of an operation 
on those vessels depends largely upon the accuracy with which this 
isolation and exposure is accomplished. It has long been recognized 
that the removal of a portion of the clavicle will greatly increase the 
exposure, but the problem of repair of the clavicle has led to many 
variations in wound closure. Following subperiosteal removal of a seg- 
ment, it is a common practice to replace the excised bone with some 
type of wire or metal fixation. Deformity, non-union, and pain fre- 
quently follow such a procedure. Forty-five patients have been operated 
upon for aneurysms and fistulas of the subclavian, axillary, carotid, and 
innominate vessels and their branches, in whom the clavicle has been 
partially removed. In lesions at the base of the neck and the superior 
mediastinum, resection of the medial half of the clavicle together with 
its sternal articulation has been done. The subclavian and axillary ves- 
sels have been approached by resection of only the center third of the 
bone. The excised segment of the clavicle was not replaced in any of 
these patients. There was little postoperative deformity—certainly less 
asymmetry than is observed when the clavicle is replaced. In eighteen 
additional cases, it was removed without replacement for operation upon 
the brachial plexus and in one other a portion was resected because of 
painful union of a fracture with subsequent relief of pain and improve- 
ment in the function of the arm. 





86 THE BULLETIN 








Operations upon the common, external, and internal iliac vessels 
have been carried out through a retroperitoneal approach which is pref- 
erable to a transperitoneal approach since the abdominal contents are 
more easily displaced and are less apt to be injured. In operations upon 
the gluteal vessels, the common iliac artery is temporarily occluded as a 
preliminary step. 

Aneurysms at the junction of the external iliac and femoral vessels, 
that is, in the neighborhood of Poupart’s ligament, can usually be ex- 
posed through an incision parallel to and just above Poupart’s ligament. 

The best guide to the femoral vessels is the sartorious muscle which 
in the upper portion of the thigh lies lateral to them and in the middle 
and lower portion overlaps them in their course in Hunter’s canal. 

The upper popliteal and lower femoral vessels are reached through 
an incision just anterior to the sartorious muscle. With the knee flexed 
and externally rotated, the muscle is easily displaced posteriorly when 
the deep fascia is opened. 

Care should be exercised in the placing of skin incisions so that 
they do not cross skin creases perpendicularly. This is particularly im- 
portant in the popliteal and cubital spaces, where the incisions should 
be S or Z-shaped, so that one limb of the incision crosses the space 
transversely. Otherwise, contracting keloids are almost certain to form. 

A near disaster from hemorrhage of the posterior tibial vessels has 
prompted the approach to these vessels by the removal of the upper 
portion of the fibula including the resection of the head of that bone 
where necessary. The same approach is used to reach the anterior tibial 
and peroneal vessels in the upper portion of their course. It is often 
impossible to differentiate by clinical measures which of these three 
vessels is involved because of their close proximity to each other. The 
fibula is removed subperiosteally, thus insuring continued stability of 
the knee joint. In no instances has the bone been replaced. 

Resection of the fibula for exposure of these vessels is necessary 
only in their course in the upper portion of the leg. In the lower third 
of the leg the peroneal and posterior tibial vessels are more easily reached 
by an incision made along the posterior surface of the tibia on the 
medial side of the leg, and the anterior tibial vessels are best isolated by 
an incision directly over them on the anterior surface. 

Wherever possible, an incision should not be made on the sole of 
the foot since it is invariably painful on weight-bearing. To approach 





Aneurysms and Arteriovenous Fistulas 87 








the plantar vessels, therefore, the incision is made on the medial side 
of the foot, the abductor hallicus muscle is detached from its origin, 
and the vessels with the tibial nerve are traced into the deeper struc- 
tures of the foot. 

Operations upon the lower extremities were done almost entirely 
under continuous spinal anesthesia. Operations upon other parts of the 
body were usually done under pentothal sodium anesthesia supple- 
mented by nitrous oxide and oxygen. There were no complications of 
consequence attributable to the anesthetic. Altogether, half of the opera- 
tions required more than three hours and some as much as seven hours. 
The advantages of continuous spinal became apparent in such lengthy 
operations. 

There were no instances of gangrene in this series. Sympathectomy 
and sympathetic block were rarely performed either before or after 
operation, although the advantages of it are thoroughly appreciated. 
The time interval between the origin of the wounds and operation 
averaged three months and was rarely less. Thus, ample time for the 
development of collaterals was allowed. Had operations of necessity 
been performed at an earlier date, no doubt sympathetic interruption 
would have been more frequently performed. 

Complications. There was one death in this series due to secondary 
hemorrhage following excision of an arteriovenous aneurysm of the 
subclavian vessels. The fistula was so close to the aorta that the vessels 
could not be transfixed with sutures, a procedure always carried out in 
operating upon vessels of any size. There were two instances of cerebral 
anemia with paralysis following operation upon the carotid vessels. One 
of these was transient, the other permanent. In ten patients more than 
one operation was necessary to effect a cure. In two of these, four 
operations were performed. Three patients were not cured by operation, 
all of them with arteriovenous fistulas of the internal carotid vessels at 
the base of the skull which could not be completely eradicated because 
of their position. 
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en E treatment of carcinoma of the prostate by hormones 
F 4] is a biological approach to a problem in clinical medicine. 
A :% i The results of hormonal treatment stimulate optimism 
fi —) for the treatment of an incurable disease. Men who have 
[a been bedridden or paralyzed for months and have suf- 
fered from dysuria, incontinence and retention of urine have been 
greatly benefited by castration or by the administration of synthetic 
hormones or both. Others who have experienced severe pain from 
metastatic lesions of the spine have been rendered free from pain and 
have been given a new lease on life, such that they are able to void 
urine comfortably, to get out of bed, to walk about naturally and, in 
many instances, to return to their former vocations. The author has 
several patients who have been invalided by prostatic cancer and who 
now, after hormonal treatment, work seven days per week in war 
industries. The encouraging results in many cases and the miraculous 
response of a few isolated cases of prostatic cancer to hormonal therapy 
do not necessarily signify that complete control of the neoplasm is 
being achieved in all cases. Due to the slow growth of prostatic cancer 
a long period of observations, with a rigid analysis of the reports, seems 
necessary for evaluation of the estrogenic response. 

Lest our optimism becloud our horizon of commonsense and perjure 
our scientific consideration of biological facts, we will do well to con- 
sider ourselves still on the avenue of research in the field of prostatic 
cancer. We have some of the answers but not all of them, for there 
exist complex issues concerning carcinogenic elements in the gonads and 
allied internal secretions in old age. Longevity invites the development 
of cancer of the prostate; longevity not only diminishes hormonal ac- 
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tivity but produces an imbalance of internal secretions. Nature, it seems, 
has planned that our demise be occasioned by cancer of the prostate. 
In our defense to cancer growth, we are adopting a belligerent attitude 
towards nature and are devising a plan of combat which will not only 
control the growth of cancer of the prostate but will prevent its devel- 
opment. We are employing the biologist to aid us in preventing normal 
epithelial cells from changing into cancer cells. We are asking the 
biochemist to give us measures whereby we may maintain the secretion 
of our hormones and preserve a balance of the secretions of the internal 
glands in old age in order that we may live just a few more years. 

The span of life has advanced from 47 to 64.2 years in the last three 
decades. Cancer of the prostate is actually on the increase. A few cases 
are seen in the 4o’s. Fourteen per cent of all males past 44 years have 
cancer of the prostate. As we reach the 70-year mark it is estimated 
that one man in seven has cancer of the prostate. The average age of 
the prostatic cancer patient is 67.8 years. This does not signify that all 
of those having cancer of the prostate at this age will die from the 
disease. At present there is a strong feeling that cancer of the prostate 
is related to a carcinogenic agent in the gonads. The indomitable will 
of men to live longer and more comfortably urges the scientist to deploy 
his investigative pursuits into the realms of the relationship of cancer 
of the prostate to hormones and requests that the answer be found 
either by eradicating the gonads of the male or by neutralizing the male 
hormones by the administration of the hormones obtained from the 
gonads of the opposite sex. 

There have been two eras of popularity for treating prostatic tumors 
by hormonal means. We are now in the midst of the second era. The 
first period began in 1891 and continued for about 10 years. The treat- 
ment of prostatic tumors by castration was not wholly accidental but 
based upon a certain number of clinical observations and animal ex- 
perimental evidence. More than a hundred years ago in 1836 Leroy 
d’Etiolles' and Civiale* noted that patients who had orchidectomies in 
conjunction with the repair of double inguinal herniae subsequently 
developed an atrophy of the prostatic gland. Gruber* in 1859, Pelikan‘ 
in 1875 and Griffiths’ in 1889 reported complete degeneration of the 
prostatic gland after castration in the dog and cat. White® in 1891 was 
the first to note the histological changes in the prostate after hormonal 
therapy. He demonstrated that after castration in the dog the glandular 
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and then the muscular elements of the prostate atrophied and suggested 
that castration be done in the human for benign prostatic lesions. It was 
during the next few years that many men lost their testicles for prostatic 
disease without differentiation as to a benign or malignant lesion. Cabot’ 
in 1896 was able to report 203 cases of prostatic enlargement treated 
by castration, 83.6 per cent of which showed improvement, 6 per cent 
without much benefit and 9.8 per cent failures. It was at this time that 
the treatment of cancer of the breast by ovariectomy was instituted, 
but the idea of treating cancer of the prostate in an analogous manner 
was not apparent. At the turn of the century castration therapy for 
prostatic disease was looked upon with great disfavor by both the 
patient and his wife with the result that surgical treatment superseded 
castration therapy. 

There was an intervening period of 35 years before the second era 
of hormonal therapy was initiated. Strohm® in 1935 made two discov- 
eries: (1) that female sex hormones were a “boon” to prostatic cancer; 
and (2) that the injection of placental blood caused relief of pain at 
the site of bone metastases. The next year Counseller® stated that by 
applying x-ray therapy to the testes in sterilizing doses pain in prostatic 
cancer patients disappeared. In 1940, Kahle and Maltry’® castrated 14 
patients who had benign prostatic hypertrophy with some improvement 
of their symptoms and reduction in the height of the prostatic gland 
epithelium. Kutscher and Wolbergs™ in 1935 demonstrated that the 
prostatic gland contained an enzyme, phosphatase. In 1936, the Gut- 
mans and Sproul’ found phosphatase in bones containing metastatic 
prostatic cancer and that the blood contained both alkaline and acid 
phosphatase. Two years later, in analyzing prostatic glands at various 
age groups, they demonstrated very little of the phosphatase in the 
infant prostate and more in the young adult prostate. Gomori’* showed 
that only the acid phosphatase was present in the epithelial cells of the 
normal adult prostatic gland. It has further been shown that the malig- 
nant prostate contains more acid phosphatase than the normal gland. 

Huggins,"* appreciating the work of these authors, demonstrated 
that he could diminish the amount of serum acid phosphatase in the 
prostatic secretion of the dog by castration and that he could also 
diminish it by giving stilbestrol without castration and that the experi- 
ment was reversible. As long as the prostatic cancer is limited to the 
prostatic capsule there is little if any elevation of the blood serum acid 
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phosphatase. The prostatic cancer cells liberate the serum acid phos- 
phatase when metastatically placed and especially when in bony tissue. 
No other cancers produce any appreciable elevation of serum acid 
phosphatase so that it is considered of diagnostic value for bony can- 
cerous lesions metastatic from the prostate. 

There is general agreement among observers that an elevation of 
serum acid phosphatase determined by either the Bodansky or King- 
Armstrong methods is significant. The type of cancer influences the 
acid phosphatase reading to some degree. The large tumor formed by 
the adenocarcinoma gives a higher reading than the small tumor formed 
by the scirrhous type. The readings run sometimes up into the hundreds 
of units per 100 cc. of blood and a few into the thousands. There is 
considerable variation in the readings and some doubt is now being 
raised as to the exact value of these observations. When the serum acid 
phosphatase is elevated it can be reduced either by castration or by the 
administration of estrogen. On the contrary, it can be elevated again 
by the administration of androgens, and the prostatic tumor takes on a 
more active growth. In about 60 per cent of patients with an elevated 
serum acid phosphatase, according to Herger and Sauer,” castration 
produces a dramatic drop of 59.6 per cent in 24 to 48 hours and 75 
per cent in 7 days. Most observers are in agreement with these figures. 
Stilbestrol alone produces a less dramatic drop but reaches 63.8 per cent 
drop in 7 days. If castration be done and stilbestrol be administered at 
the same time, there is very little change in the rapidity in the drop 
of the serum acid phosphatase in the first 48 hours. Twenty per cent of 
patients who by clinical and x-ray examinations show metastatic lesions 
do not have elevated serum acid phosphatase readings or have marginal 
readings. There is also a group of about 20 per cent of patients who do 
not show a drop in serum acid phosphatase after either castration or 
stilbestrol administration. These latter fail to develop any clinical im- 
provement and run a progressive downhill course as if no attempt at 
hormonal treatment had been instituted. Those who respond favorably 
and have a return to normal serum acid phosphatase levels maintain it 
for varying lengths of time. A very few after three months begin to 
show again an elevation of serum acid phosphatase and also a re-occur- 
rence of clinical signs of the tumor and a progressive course of the 
disease, although most of the patients in the author’s series who have 
died have done so without elevation of the serum acid phosphatase. 





92 THE BULLETIN 








The temporary period of return to normal of the serum acid phophatase 
is explained either by diminished production of the enzyme or by greater 
difficulty of its entry into the circulation. Neither castration nor the 
administration of stilbestrol will cause the serum acid phosphatase to 
enter the circulation. An elevated serum acid phosphatase means a 
metastatic lesion from prostatic cancer and can be relied upon as a test 
for neoplastic activity originating in the prostatic gland, although the 
reverse is not true. 

The favorable clinical response to hormonal therapy is manifested 
by loss of pain, improvement in general condition, gain in weight, im- 
provement in urinations, cessation of hematuria, reduction of edema 
of legs, when present, regression of the primary lesion and, in a few 
instances, the regression of the metastatic lesions. The most dramatic 
response is the disappearance of back pain, which has been so resistant 
to heat, drugs and irradiation therapy. After castration, unremitting 
pain disappears within 24 to 72 hours. Usually 50 per cent of the pain 
is gone in 24 hours, slight pain remains at the 48-hour period and on the 
third day patients admit that they are free from pain and no longer need 
anodynes. With the use of stilbestrol the pain disappears more slowly 
but is usually entirely absent at the end of 7 to 10 days, depending 
somewhat on the amount of stilbestrol administered. Some are described 
as improved, and there remains about 20 per cent who are not relieved. 
If castration does not relieve the pain, stilbestrol will not, if used as a 
subsequent therapeutic measure. There may be rare exceptions to this 
rule, but we have not encountered them. 

General improvement in some degree occurs in 80 per cent of the 
patients after subsidence of the pain. Anorexia is replaced by a desire 
to eat and the ingestion of most foods. Sixty-six per cent gain from 10 
to 60 lbs. in weight. Some bedridden patients walk for the first time in 
months and are again desirous to return to their jobs. About 20 per cent 
either show no change in weight or continue to lose weight and run 
the usual clinical course of individuals suffering from a fatal malignant 
disease. Other patients apparently do well for 3 to 22 months and then 
begin to lose weight and die, but they never become really emaciated. 
This group has been dubbed “delayed failures” by Reed Nesbit"® of 
Ann Arbor. The longer we follow our cases the more we are com- 
pelled to transfer our apparent controlled lesion cases into the group 
of delayed failures. Eventually all may fall in that group. This is a 
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pessimistic statement, but we must be very guarded in our observations 
because many of the present reports are premature. Prostatic cancer is 
a slow-growing malignancy, and final results can not be determined 
until the patient dies. 

The effect of hormonal therapy upon urinations is somewhat ob- 
scured by the numerous palliative measures for relief of urinary 
obstruction, such as suprapubic drainage, partial prostatectomy by su- 
prapubic and perineal routes and transurethral resections. We can say 
that most of those who had a small prostatic tumor treated by supra- 
pubic drainage alone with subsequent hormonal treatment have dis- 
pensed with their suprapubic tubes, with the result that their wounds 
have healed and they have resumed normal urinations for many months; 
but most of them have eventually developed obstruction again. There 
are a few reports of a small group of patients who did not have reten- 
tion of urine and who have not been treated surgically. We have but 
few of these cases in which our only surgical procedure was a perineal 
biopsy. The urinary frequency begins to lessen in about 10 days in 
those cases who do not have retention and gradually improves up to 
6 or 8 weeks. Those who passed bloody urine ceased bleeding in 8 to 
10 days. Herbst*’ reports that one case showed a change from severe 
dribble and hourly urination to four to six hourly urinations twenty- 
four hours after intramuscular injection of estradiol dipropionate. Such 
a miraculous response reminds one of a report which came from Chicago 
after the institution of hormonal treatment for undescended testicle, in 
which there appeared the statement that 20 minutes after the injection 
of the hormone the undescended gonad was found lying in its normal 
position in the scrotum. It seems hardly fair to ascribe such rapid action 
as wholly due to the effect of the hormone. We have not had the good 
fortune to obtain such spectacular reactions. Reports from Buffalo 
Cancer Clinic and elsewhere would indicate that 42 to 86 per cent are 
temporarily relieved of urinary obstruction by hormonal treatment 
alone. This factor is variable, and diversity of opinion is probably ex- 
plained on the ground of the observer’s point of view. Herger’® states 
that in the non-operated cases treated with hormones 58.6 per cent had 
no relief of urinary symptoms at the end of one year. 

We feel keenly that when there is obstruction with residual urine 
the obstructive factor should be immediately removed by surgery. This 
allows a better renal function and, if the urinary tract is infected, an 





94 THE BULLETIN 








opportunity to banish this serious part of the problem. There is no 
agreement as to what surgical procedure should be utilized. Reports 
are anything but uniform. Some urologists treat all by transurethral 
resection. We have had some excellent temporary symptomatic results 
by this procedure, but some patients are made worse, suffer from an 
extensive ulceration of the neck and base of the bladder and are very 
uncomfortable. In our experience, the patients treated by conservative 
perineal excision have responded the best. Belt’? of San Francisco is 
of this same opinion. Basically we all should recall to mind that the 
mucous membrane of the urethra and bladder acts as a barrier to inva- 
sion and extension of a malignant process. Why remove the natural 
barrier by transurethral resection? If there is any time in life at which 
we need to utilize the natural barriers to cancer extension it is at this 
time. When the obstructive tissue is removed via the perineal route 
much of the mucous membrane of the posterior urethra can be con- 
served, thus utilizing this natural hurdle to cancer growth and at the 
same time removing much of the primary growth. 

During the year 1944 an attempt was made by Vallett,”” Colston** 
and Scott* to make an inoperable cancer of the prostate an operable 
one by preliminary castration and estrogenic administration. Vallett first 
removed the obstruction by transurethral resection, two months later 
performed a castration, and 70 days later, a radical perineal prostatec- 
tomy. The patient remained clinically free from cancer but died one 
year later of cardiovascular disease. An autopsy was not obtained. Scott 
reported in January of this year a series of five cases treated by hor- 
monal means followed by radical perineal prostatectomy. Colston be- 
lieves that selected endocrine therapy is applicable to a certain number 
of cases preliminary to radical surgery. The idea is to be commended, 
but the results, of course, can not now be evaluated. 

The effect of estrogenic hormones on the primary tumor is, in some 
cases spectacular; in other cases there is softening without appreciable 
regression; and, in still other cases, there is no noticeable change. The 
cases which respond favorably show a softening of the prostatic gland 
in about one month, and complete regression in 3 to 5 months in 33 
per cent of cases. Herger and Sauer’® believe that the majority of the 
complete regressions take place in the first six months, a few in nine 
months, and rarely in twelve months of therapy. Patients who show the 
greatest local change in the tumor have the greatest symptomatic relief. 
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There is much difference of opinion concerning the effect of estro- 
genic hormones on metastatic lesions. Bumpus and Nesbit report cases 
in which lung metastases have disappeared following hormonal therapy. 
Graves of Boston reports a case which, four months after treatment, 
showed by clinical observations regression in the size of the cervical 
and inguinal lymph glands and histologically disintegration of the cancer 
cells. Dean** reports complete disappearance of a bony lesion of the 
femur proved by x-ray examination. These authors report that the 
patients have also shown a favorable general response as well as a drop 
in serum acid phosphatase. It is generally conceded that the least bony 
response is noted in the pelvic bones. Most of our cases, regardless of 
bony metastases, have been followed with x-ray examination of the 
pelvis at 6 to 12 month intervals. Some who did not originally exhibit 
bony metastases did so after hormonal therapy, although they com- 
plained of no pain. Following hormonal therapy there is usually a 
sclerosis of the bone characterized by increased density and a more 
sharply defined outline. Temporarily the lesion in the bone ceased to 
spread in some of our patients, and in others it continued to increase in 
size, even though the patient continued clinically free from symptoms, 
gained weight and felt well. We do not have any cases in which the 
bony metastatic lesion has completely subsided. With continuous ad- 
ministration of synthetic hormonal therapy bony lesions do not entirely 
disappear from the pelvis, and patients after a delayed period begin to 
show evidences of increase in size of the primary tumor followed by 
some loss of weight but never to the stage of extreme emaciation as is 
seen without the treatment. 

Kahle,*® Kretschmer,** Herbst’ and Huggins** report histological 
study of prostatic cancer before and after hormonal treatment. Most 
writers agree that there is a shrinking of the cells, that the nuclei become 
small and dark-staining and that the cytoplasm becomes vacuolated and 
indistinct after 6 to 8 weeks of treatment. Herbst, reporting an autopsy 
8 months after castration and administration of diethylstilbestrol, states 
that the prostatic mass was so small that it could hardly be recognized, 
but malignant cells were present microscopically in the tissue removed 
from the prostatic site. Kahle used massive doses of ‘estrogen in 7 cases 
and found microscopically in the surgical specimen in one case after 
two years of treatment that the stroma consisted only of smooth muscle 
and fibrous tissue. 
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The hormonal factor, whether it be administered surgically, by 
castration, synthetically, with estrogens, or roentgenologically, by 
irradiation of the testes, acts in the same way. Some urologists prefer 
castration; others, stilbestrol. Surgical castration produces a more rapid 
and pronounced effect in relief of pain and nausea. Stilbestrol given in 
massive doses will produce a similar reduction of the serum acid phos- 
phatase in the blood, a similar clinical response and similar local tissue 
changes. Where castration fails, there is no local regression of the tissues 
and little, if any, drop in the serum acid phosphatase readings. In those 
cases in which there is a temporary improvement and then a reversion 
to a continued uninterrupted malignant picture, the additional hormonal 
therapy is of little value. Dean** has found that after castration 45 per 
cent of the cases show as much or more androgen content in the urine. 
These cases represent the unfavorable ones. This is explained on the 
basis that the adrenal gland compensates for the testes, as it is the only 
other source for androgenic production. Dean reported that 11 out of 
16 patients had an increase of gonadotropic hormones after castration, 
indicating an increased activity of the anterior pituitary gland. Such 
is not the case after estrogen administration, thus giving evidence that 
estrogens do not stimulate the pituitary gland. Herbst*’ has suggested 
that the failures may be due to the fact that compensation by the 
adrenals for the testes occurs. The result is that the pituitary becomes 
hyperactive and causes the adrenal cortex to produce androgens which 
act as carcinogens upon the prostatic epithelium and cause the prostatic 
cancer to grow again. This possibility may explain “delayed failures,” 
described by Nesbit. The adrenals in some of these cases have been 
described as being four to seven times normal size. We have not en- 
countered such enlargement of the adrenals at autopsy two years after 
castration. 

There are objections to both castration and estrogen administration. 
Castration produces a loss of sex function and inability to perform the 
sexual act. Many patients complain of shrinking of the penis. This 
applies mostly to the younger group, especially in the sixth decade. 
None after castration have developed gynecomastia or painful nipples. 
The administration of stilbestrol by mouth is well tolerated by most 
patients, but in some patients even in small doses it causes nausea and 
vomiting. After estrogen therapy alone patients complain of loss of 
sexual power, shrinking of the penis and testes. Others complain of 
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anorexia, swelling of the breasts and painful nipples. Especially after 
the administration of both castration and synthetic estrogens do we 
encounter breast complaints. Some men seen in our clinic have devel- 
oped very large, pendulous breasts, which appear like breasts of the 
female. Moore, Wattenberg and Rose** have made microscopic study 
of such breasts after diethylstilbestrol therapy, and they report a pro- 
liferation of epithelium of the ducts, an increase in the length of the 
ducts and hyperplasia of the connective tissue stroma. While only four 
or five of our patients have developed large breasts, more complain of 

‘sore nipples. The nipples become red, sensitive and erect and the 
areolar tissue pigmented. Some patients complain of pedal edema, cutane- 
ous rash, pigmentation of the scrotum, abdominal cramps, feminine type 
of body, and three cases in our clinic have developed acute diabetes 
mellitus. Whether they have developed diabetes due to the therapy or 
due to metastatic lesions in the pancreas one can not foretell. 

It is difficult to ascertain the survival period after estrogenic therapy 
for prostatic cancer. Hypothetically, castration alone should not yield 
as long a survival period as continuous use of estrogen, unless castration 
is followed by sudden and complete control of the cancer cell growth. 
By continued administration of estrogen a constant attack is made upon 
the malignancy. Castration plus continuous estrogenic therapy offers a 
more effective attack upon the lesion. We have instituted a program of 
different hormonal treatment in different years, namely, castration of all 
the cases for one year, castration plus hormonal administration for two 
years, and, finally hormonal therapy without castration. It is to be under- 
stood that obstruction was treated surgically wherever 100 cc. or more 
of urinary retention was present. It is too soon to anticipate which 
regime of treatment will be the most effective. Whether the degree of 

malignancy plays a part one can not now state. One must be content 
to wait until a series of cases are dead before an accurate summation 
can be made. We have patients who died anywhere from 2 days to 2 
years and 9 months after treatment by all of the combinations of estro- 
genic therapy. Others are living and are apparently well who show 
complete regression of the primary lesion, while some show various 
stages of re-activation of the cancer within the prostatic gland. We 
have several patients who have lived 4 to 6 years and one 10 years with 
apparently normal health and urinations after a simple conservative 
perineal excision of enough cancerous tissue to allow freedom of urina- 
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tion. Reports of occasional patients living 3 to 5 years after estrogenic 
therapy becomes less significant when one compares the estrogenically 
treated group with those treated surgically before the institution of 
hormonal therapy. Emmett and Greene*’ in comparing their two series, 
one prior to estrogenic therapy composed of 326 patients and another 
treated estrogenically, composed of 220 cases treated by castration, 
showed about the same percentage of deaths during the first two years. 
It is quite possible that the three, four and five-year survivals will show 
a greater ratio of living patients, and that estrogenic administration may 
prolong some lives. Randall** followed a small series of five cases for 
eight years after castration and reported four dead and the remaining 
one showing metastases. It will require several more years of experience 
by several clinics before an answer can be given as to prognosis and 
expectancy after estrogenic therapy. 

Choice of Hormonal Treatment—At present there is a difference of 
opinion regarding the time of administration, the quantity and type of 
estrogen to be used and whether it should be used with or without 
castration. Bumpus, Massey and Nation,** and Emmett and Greene*® 
prefer castration. Alyea*® prefers castration followed by small doses of 
stilbestrol. Those who use estrogens prefer different compounds. Herger 
and Sauer’ have used stilbestrol extensively; Moore, Wattenberg and 
Rose,*® diethylstilbestrol; and Kahle and his co-workers,’® diethylstil- 
bestrol dipropionate. Zondek, Sulman and Sklow*' claim that stilbestrol 
is destroyed by the liver while diethylstilbestrol is very slowly inacti- 
vated by the liver. The dosage of estrogens varies greatly in the various 
clinics. A few urologists recommend 10 to 20 mgms.; while Moore, 
Wattenberg and Rose* give as high as 60 to 80 mgms. per day. The 
tendency is to give as small a dose as will be compatible with maximum 
effects. In our clinic we are now giving 10 mgm. of stilbestrol per day 
for two weeks and then reducing it to 1 mgm. per day for continuous 
use. Three of our patients have been unable to tolerate even 1 mgm. 
per day because of the nausea and general uncomfortable feeling. We 
must admit that as yet we have not reached any definite conclusion as to 
which type of hormone to give or the amount best tolerated to obtain 
the maximum effect. Theoretically, biologists believe that since castra- 
tion removes the brakes upon the action of the pituitary and allows 
stimulation of the adrenals to produce an androgen with a carcinogenic 
agent we should be able to compute an estrogenic dose that would 
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produce an anti-carcinogenic action upon the prostatic cancer and still 
avoid castration and estrogenic injury to the testes. 

Why some patients respond more readily to castration than others 
we do not yet know. A part of the answer must lie in the secretions 
of the testis, but we have no method by chemical or microscopic means 
to evaluate this testicular hormone. Herbst’ suggests adding a high 
vitamin factor in the treatment of prostatic cancer, thus hoping to 
modify the soil in such a way that the growth of malignant cells will 
be inhibited. Experimental evidence would indicate that most vitamins 
stimulate cancer growth, but folic acid is thought to be antagonistic in 
its action. Patients who gain weight after castration do so because of 
increased metabolism and increased ingestion of foods containing many 
vitamins, but regardless of the added vitamins patients continue to die 
from the disease. 

There is no general agreement as to when is the most opportune 
time to apply hormonal therapy. Stirling** and Nesbit’® prefer to wait 
until pain develops. Our clinic belongs to the school which prefers to 
give hormonal treatment as soon as possible after the histological diag- 


nosis is made, regardless of pain or metastases. Castration or large doses 
of synthetic estrogen produce the same clinical and tumor response. 
Castration alone is not followed by gynecomastia while stilbestrol alone 
or as a subsequent agent after castration often is. 


SUMMARY 


As yet no case of carcinoma of the prostate has been cured by hor- 
monal treatment. The only complete control of cancer of the prostate 
in our clinic has been obtained by radical surgical excision early in the 
development of the disease. The majority of the patients with extensive 
prostatic carcinoma suffering pain from metastatic lesions are made com- 
fortable by hormonal therapy. Castration and stilbestrol treatment pro- 
duce the same results. Pain is completely relieved temporarily in at 
least 50 per cent of the cases. The general condition of the patient is 
greatly improved, and 66 per cent gain weight. Fifty to 75 per cent 
have a temporary return to normal or comfortable micturition. Twenty 
to 25 per cent are not benefited. Neither castration nor estrogenic ther- 
apy prevents the development of metastatic lesions. Some metastatic 
lesions in the lungs and one in the femur have been reported to show 
complete regression, while no case of metastatic lesion of the pelvis 
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has been known to have completely regressed. Locally, the prostatic 
gland becomes temporarily softer and reduced in size. After 3 to 22 
months, the prostatic tissue increases in size until death. Most bony 
lesions show an ebonization-which may remain until death or may 
change to a characteristic osteoplastic picture. Patients who have a re- 
currence after a year or more do not have pain of severe degree, nor 
does the serum acid phosphatase frequently become elevated. Such 
patients run a progressive downhill course with asthenia and die without 
extreme emaciation. The data are at present inadequate as to prognosis 
of life, and so far any great prolongation of life is not substantiated by 
reports. The fact that life is made tolerable for 50 per cent of patients 
by hormonal treatment justifies the therapy and opens the doors for 
extensive future investigations which may lead not only to a cure of 
cancer of the prostate but also to the prevention of its development. 
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NEW ABSORBABLE HEMOSTATIC 
AGENTS* 
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mitH the end of combat in World War II the new hemo- 

static agents developed in various research laboratories, 

W developed under the pressure of the emergency, were 
almost ready for general surgical use. The preliminary 
Gesesesesesesa experimental work had been done, clinical investigation 
had confirmed the laboratory reports and enough observers in general 
and special fields of surgery had tested the materials to appreciate the 
possibilities of a new technique for checking hemorrhage. “The clinical 
investigation already done included trial by military surgeons, both 
British and American, in several theaters of operation. Fortunately, the 
carnage ceased earlier than some of us had dared hope, and before com- 
plete comparative studies of the different agents could be made in com- 
bat zones. In civilian surgery, critical evaluation of these new agents 
may take somewhat longer, as hemorrhage which makes packing man- 
datory is, happily, less commonly encountered in peace than in war. 
The novelty of these agents, stressed in the title of this presentation, 
may be questioned. The need for staunching of blood goes back beyond 
history and many techniques have been tried, discarded, tried again and 
accepted. As an example of the aphorism that there is nothing new under 
the sun, it should be recalled that in 1911 Cushing, who, as a neuro- 
surgeon needs must be, was pre-occupied with hemostasis, not only 
advocated the use of muscle to accelerate clotting, thus anticipating 
thrombin, but also predicted that “fibrin from whipped blood might be 
so prepared that it could be immediately plastered on bleeding surfaces” 
—which is just the application of fibrin foam. As to another “new” 
agent, oxidized cellulose, it may be that Halsted* encountered its fore- 


* The work described in this paper was done under a contract, recommended by the Committee on 
Medical Research, between the Office of Scientific Research and Development and Columbia 
University. The gauze and cotton were supplied by Eastman Kodak Research Laboratories, Roches- 
ter, N. Y. (U. S. Pat. No. 2,232,990) through Parke, Davis and Company, Detroit, Michigan. 
ae October 16, 1945 before the Eighteenth Graduate Fortnight of The New York Academy 
o edicine. 

This reference in Surgical Papers, William Stewart Halsted, Baltimore, The Johns Hopkins Press, 
1924, was brought to my attention by Dr. Jerome Webster. 
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runner in 1879 for he writes that he observed that penghawar djambi 
was used quite frequently in the clinic of Billroth, particularly for 
checking hemorrhage in papillary cysts of the thyroid. This material 
‘consisted of the root hairs of the East Indian bullock tree and was said 
to be styptic. Certainly it was cellulose. Thus in the field of “new” 
materials, of the three selected for this discussion, only gelatin sponge 
‘deserves this adjective, and it seems wholly probable that careful study 
of the literature would turn up some early trial of this homely substance. 

The impetus for the development of an absorbable hemostatic pack- 
ing for lacerated vessels in a cavity or for application to surface ooze— 
two forms of bleeding which present somewhat different technical prob- 
‘lems—came partly because of the development of thrombin, particularly 
‘the highly potent, purified, water-soluble form obtained from beef 
plasma by Seegers and his associates.’ Their reports of its experimental 
use as a hemostatic spray appeared in 1938 and a year later it was used 
clinically with promising results. Again neurosurgeons were those most 
eager to develop a suitable technique for use of this aid to clotting. 
‘Their cotton patties were more effective when soaked in thrombin, but 
difficulty still arose when the patties were removed. Needless to say, 
the clots which close torn or cut vessels, large or small, are those on 
which ultimate hemostasis and wound healing depend. If these clots, 
‘formed rapidly because of the additional enzyme activity of the throm- 
bin, are stuck to the cotton patty, bleeding naturally begins again, how- 
ever gently the patty is removed. There was need, therefore, for an 
absorbable patty which could be left in place. 

The first answer to the absorbable carrier of thrombin was human 
fibrin foam. This was only one of many developments as a result of the 
large scale study of the fractionation of human blood plasma undertaken 
in the Department of Physical Chemistry of Harvard University. Plasma 
in amounts suitable for this project were, as is obvious, available because 
of the Red Cross blood donations. From this source, fibrin foam was 
separated and processed to form a dry, porous, brittle, cream-colored 
textile—if the term may be allowed. Another fraction was human throm- 
bin, slightly less potent perhaps than the bovine form, but free of any 
suggestion of possible antigenicity. Extensive experimental trials in ani- 
mals, mostly monkeys, were carried out, which confirmed the expec- 
tation that immediate control of bleeding from oozing surfaces could 
be achieved, that the wounds could be closed with impunity and that 
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the foam would be absorbed with a minimum of inflammatory response 
and of residual scar. 

Following this experimental work these two products of human 
blood were used together for hemostasis in neurosurgical procedures 
with highly gratifying results.* Slight ooze in the closed cranial cavity 
may be a serious complication where a similar amount might scarcely 
impede wound healing elsewhere. The challenge of the absorbable car- 
rier of thrombin had been met for this special field. 

Controversy at once arose, as was to be expected, as to the advantage 
of thrombin of human origin. Theoretically it was to be expected that 
bovine thrombin might have antigenic properties for humans. The ex- 
perimental laboratory studies on this point need not be discussed here. 
The very large series of clinical cases in which bovine thrombin has 
been used without untoward effect, used in many instances more than 
once in the same patient, have led competent critics to feel that as it is 
employed it is without significant hazard.* 

It was an obvious sequence of thought, once the properties of fibrin 
foam had been demonstrated, that sources other than human blood 
might offer absorbable materials simpler in preparation, more readily 
available and equally effective. There was no priority in this concept, 
and a great many different substances were proposed. Some of these 
were irritating. Some preparations were unsuitable in texture, too friable, 
hard to moisten and difficult to handle. Many suggestions were made 
as to the possibility of combining not only antibacterial agents with 
the absorbable materials for an additional safeguard in the wound, but 
even growth promoting substances to speed wound healing. Imagina- 
tions ran riot at the possibility of achieving in one simple application a 
triple miracle—the control of bleeding, the prevention of infection and 
the acceleration of repair. 

These proposals became at once the subject of intensive study at a 
pace somewhat more brisk than was always consistent with the highest 
scientific critique. With the new term “beach-head,” the desire for 
quick practical hemostasis was obvious to laymen as well as to physi- 
cians. Much of the work was done in various institutions under OSRD 
contract. This, because of the policy of the Committee on Medical 


* On July 6, 1945 it was recommended by the Committee on Surgery of the National Research 
Council, Division of Medical Sciences acting for the Committee on Medical Research of the Office 
- Scientific Research and Development that bovine thrombin be made available to the armed 
orces. 
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Research to disseminate information in related fields of study and so 
speed investigation and prevent duplication of effort, made it possible 
for one laboratory to receive and use as control materials under study 
elsewhere. It was for this purpose that Lattes devised a simple and 
reliable technique for testing aborbability and the irritant qualities of 
various substances in a small and inexpensive laboratory animal, the rat. 
Unsuitable samples could be eliminated by this means and the more 
elaborate operative procedures in larger animals, monkeys and dogs, 
could be reserved for the promising materials. 

The second absorbable substance to be considered in this presenta- 
tion is one of those proposed somewhat later than others, much later 
than the absorbable cellulose which has been the subject of our own 
investigation at Columbia. At the suggestion of the Committee on 
Surgery we had the privilege of seeing this early in its development. 
It is the gelatin sponge, or as it is now named to indicate its similarity 
to the human fibrin sponge, “Gelfoam.” It was developed by Correll 
and Wise* in the Upjohn Research Laboratories. Gelatin is denatured by 
a process not yet made public, so that it is rendered slowly absorbable. 
The process prevents its immediate digestion in tissue fluids, but must 
not be carried too far or absorption is too long delayed. The satisfactory 
product is determined by the speed with which a standardized pepsin 
solution will dissolve a cube of the material. The finished sponge is a 
glistening white porous mass which is elastic and can be sterilized by 
autoclave. Moistened, it becomes absorbent and pliable. 

When preliminary tests in rats had convinced the originators that 
the gelatin sponge was non-irritant and absorbable, experimental studies 
were then undertaken by Light.‘ A series of craniotomies was performed 
in monkeys. Bleeding was initiated and then controlled. The animals 
were sacrificed at varying time intervals and the tissues were studied 
by Prentice. The gelatin sponge combined with bovine thrombin was 
found to be an effective hemostatic, easily handled and in general similar 
to fibrin foam in rate of absorbability and lack-of significant tissue 
reaction. Our own experience with this material entirely confirmed these 
findings, as did Light’s later clinical trial and the experimental and clini- 
cal investigations of Pilcher and Meacham,° working under OSRD con- 
tract at Vanderbilt University. They report clinical trial of gelatin 
sponge and human thrombin in neurosurgery by sixteen surgeons work- 
ing in eleven different clinics here and in Canada. In a total of 291 cases 
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there were eight unsatisfactory results, In 134 of these cases a compari- 
son was made with fibrin foam. 

It has seemed to us that one factor will influence the neurosurgeon’s 
preference for one of these two carriers of thrombin, provided each is 
equally available. That factor is the ease of handling. Sterile thrombin 
solution must be made up in each case, constituting a time factor which, 
however, is of no consequence in a neurosurgical procedure of choice. 
Some time is necessary to moisten the gelatin sponge and mold it to 
express air from its meshes. This, however, can also be done in advance 
of the moment when it is to be applied. Some of the fibrin foam prepa- 
rations when wet have been more friable than others. The nature of 
the bleeding is a consideration which may influence the choice of 
material. The gelatin sponge has more body and in our hands packed 
somewhat more readily into freely bleeding deep lacerations. Both sub- 
stances controlled surface ooze and became adherent with gratifying 
rapidity. 

Our own investigation of oxidized cellulose—or, in more accurate 
chemical designation—cellulosic acid, began in 1941. For some years 
previous to this we had been searching for a non-irritating absorbable 
membrane to assist in the prevention of adhesions, particularly in the 
repair of a tendon in its sheath. A number of substances had been pro- 
posed by Dr. Hans Clarke, Professor of Biochemistry, College of Phy- 
sicians and Surgeons, but had not been found suitable. He had been 
apprised, in advance of publication, of the work of Kenyon and his 
collaborators in the Research Laboratories of the Eastman Kodak Com- 
pany where oxidized cotton had been produced. This had been prepared 
by oxidizing long-fibered cotton with nitrogen dioxide which resulted 
in the formation of carboxyl groups-COOH-—in the long carbohydrate 
chain. The physical and chemical properties of the processed cotton 
depended on the length of time of oxidation. The texture was somewhat 
altered and the material was soluble in dilute alkali. In its present surgical 
form—and this is true of oxidized gauze also—it is soluble in dilute 
bicarbonate of soda, 0.15 Molar solution, approximately the pH of 
the blood. 

In this early stage of investigation it was proposed for use as a blood 
substitute. Accordingly studies were undertaken by Kabat, but with 
disappointing results from the standpoint of the usefulness of this pos- 
sible cheap substitute for plasma. The material, in solution, introduced 
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in large quantities directly into the blood stream of rabbits had no 
deleterious effects, but it was eliminated, unaltered, too rapidly through 
the kidneys to be useful. This constituted, however, a convincing proof 
of the harmlessness of the material to the organism as a whole. Whether 
or not it would prove irritating locally in the tissues remained to be 
investigated and it was this study which Dr. Clarke proposed to us. 

In our preliminary observations, published in 1943, small amounts 
of cotton, and later gauze and paper—all oxidized cellulose—were intro- 
duced into almost every tissue of the body in experimental animals. 
Nowhere, except in bone was any untoward effect observed. In repair 
of a clean experimental wound of bone, or simple fracture; there was 
some delay in the early callus, as might be expected from the acidity 
of the material. 

This demonstration of the absorbable and non-irritating properties 
of oxidized cellulose came just at the time when the hunt was on for 
carriers of thrombin. It was tried at once as such by Putnam of the 
Neurological Institute and later by Uihlein at the Mayo Clinic. Both 
authors reported favorably on it as an absorbable patty with thrombin 
added. 

There the matter might have rested, if everyone had not—as was to 
be expected—immediately envisaged larger fields of usefulness in hemor- 
rhage even more torrential than that usually encountered in craniotomies 
of choice. Sterile gauze, in a package which could be quickly torn open, 
gauze which was absorbable, seemed the answer to those hemorrhages 
of liver, for instance, in which ordinary packing was mandatory, pack- 
ing to be removed later with what difficulty and what secondary bleed- 
ing. Therefore, and this time under OSRD contract, we embarked on 
the somewhat more dramatic study of the control of freely bleeding 
lacerations of liver, kidney and spleen.® It was then that we found that 
large quantities of oxidized gauze could be introduced, as the small trial 
pledgets and the cotton patties had been, with impunity. It was then 
that we observed a phenomenon to which we had been blind before— 
that the oxidized gauze had a specific hemostatic action. greater than 
that in controls of ordinary gauze. We had thought it enough to have 
packing which could be left in a wound. We found that we had some- 
thing more. Oxidized gauze and cotton when used dry, turned black in 
a few seconds in the blood welling up into the material. This observa- 
tion was then confirmed by demonstrating the affinity of the material 
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for hemoglobin in dilute laked blood. An actual chemical combination 
occurred. In staunching hemorrhage it was observed that a sticky, 
gelatinous mass was formed, mot a clot, which filled the wound space. 
By twenty-four hours this mass could be lifted away, because of the 
thin film of fluid present between the under surface and the raw tissue. 
The true clots which had closed the vessels were not disturbed. No 
bleeding followed the removal of the gauze. It was therefore a suitable 
material for packing in the clean closed wound, but could also be used 
in the open infected wound, for immediate control of hemorrhage, to be 
removed, if the quantity was large, without causing secondary hemor- 
rhage. Large dead spaces could thus be allowed to collapse early, and 
drainage would not be blocked. In the presence of any quantity of 
exudate spontaneous separation of the material could be expected. 

Thrombin was, therefore, unnecessary as an adjuvant to oxidized 
cellulose. Moreover, it probably rendered the material less effective. 
Comparison of the hemostatic action of the dry oxidized gauze or cotton 
with the thrombin soaked absorbable materials already described showed 
the cellulose at least equally effective. Incidentally the potency of the 
thrombin itself is probably somewhat inhibited by the acidity of the 
gauze or cotton, a fact which led some earlier observers to comment 
unfavorably on these materials as contrasted with fibrin foam.* 

Just as in April 1944 the laboratory work had almost convinced us 
that clinical trial of gauze in large amounts was justified, a mandatory 
hemorrhage forced our hands. A torn internal carotid artery, controlled 
by emergency packing with ordinary gauze presented the difficult 
problem of what to do next, after the patient had been saved from 
bleeding to death on the table. With some trepidation, on the third 
day after the original packing, the wound was reopened in the operating 
room, the packing removed, the hemorrhage dramatically renewed and 
staunched, this time with oxidized gauze. The wound was closed. It 
might have been wiser to drain for forty-eight hours, for there was 
thin discharge from the lower angle beginning the 6th day, containing 
small black particles of unabsorbed gauze. No infection occurred, how- 
ever, and most of the wound healed per primam. 

This encouraged clinical trial in other fields than neurosurgery. The 


* So much confusion has arisen from this original misconception that in their recent publication 
Bailey and his associates give us credit for having had two forms of the material, an earlier one 
suitable for use with thrombin and a new product, to be used without it. This of course is not the 
case. We are still working with the substance as originally processed. 
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Total of Clinical Cases to Date 


Partial Hepatectomy 

Liver Biopsy or Gall Bladder Bed 
Retroperitoneal or Retropleural Tissue 
Infected and Contaminated Wounds 


Biopsy or Excision (Lymph Nodes or Tumor) 
Amputation Stump 

Thyroid 

Tooth Socket 

Nasal Cavity 

Tonsillectomy 

Rectum 

Prostate 

Kidney or Kidney Bed 
Circumcision or Orchidectomy 
Vaginal Wounds 

Urinary Bladder 
Neurological 








immediate effective control of bleeding, the black sticky character of 
the material when blood soaked, the absence of evident acute inflamma- 
tory or foreign body response, and the absence of any systemic changes 
were all borne out. Our clinical cases to date are shown in table form. 

It is understandable that a well trained surgeon would hesitate before 
deliberately leaving what looks like ordinary gauze in a closed wound. 
Moreover, the rapid black discoloration is disturbing at first. The bright 
red clot in gelatin and fibrin sponges seems much more orthodox. Also 
the open wound from which the gauze may later be removed looks un- 
tidy with a few particles of black jelly scattered here and there. Fur- 
thermore, fibrin foam may be used in other fields than neurosurgery, 
and Bailey and his associates’ have just published 240 such cases. Trial 
of gelatin sponge outside the field of neurosurgery is undoubtedly in 
progress and should be. 

The suggestion that oxidized cellulose, demonstrated by Heidelber- 
ger to be specific immune polysaccharide, might have antigenic prop- 
erties for humans initiated examination of patients’ sera for possible 
circulating antibody. None has been found. This investigation was also 








carried out by Dr.. Heidelberger, who, taking these findings together 
with the lack of any clinical evidence of sensitization in a very large 
number of cases—some with repeated applications—states that there 
should be no_hazard on. this account in the free use of the material.* 

In conclusion, therefore, one may say that three absorbable ma- 
terials, all recommended for. use by the Armed Forces before the close 
of the war, have now been shown to be equally bland in the tissues and 
to be useful in bleeding not easily controlled by the usual accepted 
techniques.* Human fibrin foam and gelatin sponge, “Gelfoam” are 
recommended for use with thrombin. Human thrombin has been avail- 
able and has been effective. Bovine thrombin has been even more widely 
used without untoward reaction. Bleeding in patients with disturbance 
of the clotting mechanism may well need thrombin for control. 

The third absorbable material—oxidized cellulose in the form either 
of gauze or cotton—is of vegetable, not animal origin. It is not recom- 
mended for use with thrombin. It is an effective hemostatic when used 
dry. It is easier to handle in brisk bleeding than either of the foams, 
and in an emergency requires only the opening of the package in which 
it has been sterilized. There is no evidence to show that use of any of 
the materials has unfortunate late sequelae—general, such as anaphylactic 
manifestations; local, such as fibrosis or adhesions, even in the peritoneal 
cavity. They are all apparently safe and useful. The practitioners of the 
art of surgery and—now that the emergency is over and leisurely evalu- 

-ation is possible—time will make the final recommendation for the ap- 
propriate use of these agents. Each one has been already, without 
_ question, more than once a life-saving measure. 





* Personal communication. 
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CORRECTION 


The Editor desires to inform all Fellows of the Academy and other readers of the 
Bulletin that the report of the death of Dr. Edward D. Truesdell, published in the 
December, 1945 issue of the Bulletin, is incorrect. The actual decedent was Dr. P. Edwards 
Truesdale. The Editor deeply regrets any inconvenience occasioned by this error. 





